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Experience is the best teacher. You 
might settle for any CB first time around. 
Understandably. A lot of people think_, 
they're all pretty much alike. But you'll 
soon discover that, like everything else _ 

there are exceptions. 
Ask' the pros. America's long distancé 

truckers. These guys talk CB day in and 
day out. And they demand the best. 
That's why truckers refer to the Cobra 
29 as "The Diesel Mobile" 

Listen to Cobra. You'll hear a big 
difference. Because the Cobra 29 gives 
you features which assure crystal clear 
reception. Like switchable noise limiting 
and blanking, to cut out practically all 
pulsé and' ignition interference. Add 
squelch control and RF gain and you've 
got exceptional -adjustable - receiver 
clarity. Even in the heaviest CB traffic.' 
You also get Delta Tuning which makes 
up for -the other guy, because even off- - 

frequency transmitters are pulled. iri. 
Perfectly. 

Talk to Cobra. And you know ,you're 
punching through. One glance at the 

29's over -sized illuminated meter tells' 
-you just how much power you're punch 
ing out and pulling in. For voice modula - 

.'tion the Dyn.aMike delivers at 100%. ly 

_Same way with power: The 29 transmits 
at maximum power levels. - - 

Sooner or later you,,ll get a Cobra. 
And you'll get engineering -and -crafts- 
manship second to none. Performance 
that will make your first CB seem- - 

obsolete. Reliability and durability that 
have set standards for the industry. - 

Above all, you'll get power. The power 
tó punch' through loud and clear like 
nothing else. Because when it comes to 
CB radio, nothing punches though loud 
añd aear like a Cobra. 

óbr 
Punches_ through loud and, clear. 
Cobra Communications,. Products of Dynascan Corp. 

1801 W. Belle Plaine, Chicago, Illinois 60613 
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COMMERCIAL GRADE COMPUTER - PRICED FOR THE INDIVIDUAL KIT BUILDER 
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QUALITY FEATURES INCLUDE: 
A commercial grade cabinet, made of heavy gauge aluminum, custom designed for this specific product. Rack mounting is optional. 

Lucite display panel with a photographically reproduced legend and LED display mask. In addition to standard lights and switches, the heavy 

duty front panel has an extra 8 program controlled LED's. 

Rugged commercial grade paddle switches backed up by reliable debouncing circuits. 

Gold plated contacts on board edge connectors to assure corrosion free contact at all locations. 

A heavy duty power supply to handle lots of extra cards, the power supply delivers up to 20 amperes at 8 volts, and 3 amps each at +16 and -16 

volts. A 30 ampere supply is optional. 
A sturdy card cage to properly support up to 22 printed circuit boards. 

Plug removable front panel board that eliminates the normal wiring harness between front panel and back plane. For special dedicated uses, the 

front panel board may be removed from the unit. 
A full line of peripheral devices to build truly powerful and complete systems. 

An exclusive shared memory facility from the company that pioneered shared memory microprocessing. Shared memory facilities allow 

multiple microprocessors in the same cabinet to share the same memory, yet run different programs in parallel with each other. 

A full compliment of board options. 

BASIC COMPUTER INCLUDES: 8080A Processor Board, Front Panel Control .,card, lights and switches, power supply, Expander 

Board, Cabinet ... and ... Software (Assembler, Monitor, Text Editor, Loader and 4K BASIC). 

PRICES: KIT ... $499 ASSEMBLED ... $931 4K RAM KIT ...$165 ASSEMBLED ...$299 
OPTIONS: Rack mount, RAM & PROM boards, Parallel & Serial I/O Boards, an 8 level Priority Interrupt/Clock Board, Shared Memory 

Boards, Interface Boards. 

PERIPHERALS: Floppy Disk Drives, 80 Column/300 LPM Printer, 50 Megabyte Disk Drive, 30 character per second Printer with Plotting 

Mode. 
TERMS: Check or Money Order, Bankamericard, Master Charge, 25% deposit on COD orders.. On all orders under $1,000, add 5% for 

handling. California residents add 6% tax. 

SEND FOR FREE CATALOG OF IMSAI MICROCOMPUTER PRODUCTS - DEALER INQUIRIES INVITED 

SPECIAL NOTICE TO ALTAIR 8800 OWNERS 
If you would like to step-up to the superior quality of an IMSAI 8080, you will be pleased to know that your ALTAIR 8800 boards are "plug- 

in" usable-without modification-in the IMSAI 8080 cabinet. Furthermore, by acquiring IMSAI's unique Memory Sharing Facility, your 

ALTAIR MPU Board and IMSAI MPU Board can co -exist in the same cabinet, operate in parallel with each other, and share all memory in com- 

mon. This is the technology that laid the foundation for IMSAI's powerful HYPERCUBE Computer and Intelligent Disk systems (recently 

featured in Computerworld, Datamation and Electronics magazines.) 

APRIL 1976 

IMS ASSOCIATES, INC., 1922 REPUBLIC AVENUE, SAN LEANDRO, CA 94577 
(415) 483-2093 
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ways to move ahead in electronic 

Choose the one that's just right 
for you...the one that can make 
your future more rewarding, more 
secure, more enjoyable...starting 
now! These ways to move ahead 
are yours from Electronics Tech- 
nical Institute... the finest elec- 
tronics home study courses and 
programs ever offered! 

Fundamental Electronics 
Get a solid foundation for enter- 
ing the fast-moving world of elec- 
tronics where today is great, and 
tomorrow will be greater. Learn 
it the simple, easy, step-by-step, 
programmed way called A wore vI, 
exclusive with ETI! 

Electronics Drafting 
Learn a vitally needed specialty 
that translates new technological 
concepts and developments to the 
practical drawing hoard. Become 
a specialist -in -demand, through 
ETI's training. Learn it at home 
...get your future moving now! 

Color TV Servicing 
There's a real future waiting for 
the established color television 
technician. You become that tech- 
nician through this program that 
takes you step-by-step to theoreti- 
cal and practical mastery of color 
TV. Get your tomorrow started 
today! 

Master TV/Radio Servicing 
Here is true "master" preparation 
for a career that can take you as 
far as you want to go into radio 
and television servicing, both 
black and white, and color. The 
helpful, practical ETI way can be 
your way to more money, secur- 
ity, success! 

Communications 
ETI's communications program 
opens up a whole range of career 
development possibilities in elec- 
tronics. Solid-state receivers, 
solid-state audio equipment, com- 
munications equipment, CATV, 
as well as preparation for FCC - 
licensed positions in commercial 
broadcasting and mobile com- 
munications. You can find a real 
future here! 

.se. 

Industrial Electronics 
You open great career opportuni- 
ties through this program, as 
instrumentation technician, elec- 
tronic equipment maintenance 
technician, electronic calculating 
machine technician and audio 
technician. It also prepares you to 
move into and up in communica- 
tions, automation and industrial 
electronics! 

Digital Technology 
Join the digital revolution which 
is radically altering our lives today 
and tomorrow. Get solidly trained 
in the new digital specialties that 
can lead to a real future as a digi- 
tal control technician, electronic 
calculating machine technician, 
field representative, computer 
sales representative, manufac- 
turer's representative. 

Electronics Technology 
Learn electronics across the 
board! You'll be ready for real 
career advancement with training 
that can lead to technical positions 
in communication, automation 
and industrial electronics, and can 
also help you in sales positions, 
management and administration. 

Computers 
ETI offers training opportunities 
in Computer Technology and 
Computer Programming. Learn at 
home, and get ready to enter a field 
where incredible developments 
are sure to continue. It's practical, 
useful-the step-by-step ETI way! 

Advanced Electronics 
Want greater challenges and ca- 
reer advancement? This course is 
for you. It can be valuable prepa- 
ration not only for a technical 
career, but also for the fields of 
sales, management and adminis- 
tration. Make your move now! 

Digital Electronics-Advanced 
Here's a special course for those 
already in the field of digital elec- 
tronics, ready to move into more 
'advanced areas. This is how to 
move up in sales, management 
and administration. Here's your 
tomorrow! 

Black and White TV Servicing- 
Advanced 

This can be your own "advance" 
course to black -and -white TV 
competence from A to Z. You'll 
construct a receiver yourself, if 
you wish. A key to lifetime 
success! 

Industrial Instrumentation- 
Advanced 

Move up in the world... the won- 
derful electronics world! This 
course opens up a whole range of 
careérs in the industrial field, as 
instrumentation technician, labo- 
ratory' technician. process control 
technician or electronic calculat- 
ing machine technician. Get ready 
...and go! 

Color TV Servicing-Advanced 
Here is the "graduate" course in 
color TV for those who already 
know television fundamentals. 
You'll learn color TV from top to 
bottom, build your own set if you 
choose. A great way to build 
your future! 

Solid -State Electronics- 
Advanced 

Applications of transistors are in- 
creasing all the time and the 
transistor may be a breakthrough 

- 

comparable in importance to the 
development of nuclear energy. 
Solid-state can mean your solid 
career development, too, 
through ETI! 

FCC License Preparation 
Here is real down-to-earth practi- 
cal preparation to take your 3rd, 
2nd or Ist class Federal Com- 
munication Commission Radio- 
telephone License examinations. 
Get yourself ready now for any of 
the FCC -licensed positions in- 
volving broadcasting, mobile 
communications, microwave 
communications links, marine 
communications equipment or 
in many other positions in solid- 
state. communications, CATV. 
Get ready for tomorrow...today! 

Get all the facts... free! 
Send the coupon now for 

ETI's colorfully illustrated new 
44 -page cata- 
log giving you 
all the details. 
You owe it to 
yourself. 
`There's no ob- 
ligation, and 
no salesman 
will call. Send 

n_r , 'for yours 
° today! 

mELECTRONES 
TECFa 
INSTrIIJIE 

Electronics 
Technical Institute 

Division of Technical Home Study Schools pm No m~~~~~~~~~~~~~~~1 
Electronics Technical Institute, Dept. 2-473-046 
Little Falls, New Jersey 07424 ' Send me the Electronics Technical Institute Catalog. 

' Name 
(please print) 

E Address 

City State Zip. 

1 

1 

1 --------t 

Interested in another field? Check the Technical Home Study School program 
that interests you most. No salesman swill call. PLEASE CHECK ONLY ONE. 

Typewriter and Office Machine Repair E Locksmithing 
Upholstery and Decorating Legal Investigation 
Accident and Insurance Claim Adjusting Security/Alarm Business 
Outdoor Careers in Conservation Photography' 
Check here for information on Veterans Benefits. 
Check here for information on learning by cassettes. 
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is not just another word 
In fact, "innovation" is the word that guides SBE engineers in 
their quest for better ways to improve personal communica- 
tions equipment. 

An example of SBE innovation at its imaginative best is 
OPTI/SCAN. This compact 10 -channel scanning monitor 
requires no crystals but is capable of scanning over 16,000 
radio frequencies between 30 MHz and 510 MHz. 

The secret of such electronic wizardry lies in the unique 
use of digital frequency synthesis, combined with an exclusive 
optical scanner and program card system. The "memory" for 
specific frequencies to be monitored is programmed in 10 - 
frequency groups on a small plastic card no larger than a 
credit card. Frequency bands can be mixed on the same card; 
and frequency groups to be scanned can be changed instantly 
simply by replacing one pre-programmed card with another. 

SBE innovation has transformed the scanning monitor 
from a fixed, inflexible unit of limited range and scope into an 
infinitely versatile electronic marvel that puts a limitless range 

of frequencies at your fingertips, 
wherever you are, wherever 
you may travel. 

The same innovative skill and 
imagination that goes into OPTI/ SCAN 
is reflected in the full SBE line of 
communications equipment: 
citizens band, land mobile, marine and 
special application. 

Discover how you can benefit from 
SBE's electronic innovations. 

Better Communications through Creative Technology 

For information write: SBE, Inc., 220 Airport Blvd., Watsonville, CA 95076 

INTERNATIONAL OFFICES: E.S. Gould Marketing Co. Ltd., Quebec, Canada/Linear Systems S.A. Geneva 1, Switzerland 
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Editorial 

WARC-79 AND COMMUNICATIONS HOBBYISTS 

The year 1979 will be a milestone in the world of communications. This is 

when the World Administrative Radio Conference (WARC) of the 
International Telecommunications Union (ITU) will be held to reexamine 
uses of the radio spectrum and institute changes reflecting needs and new 

technology for the remainder of the century. 
For hams and SWL'ers, this conference will likely be the most important 

"happening" in a long, long time. To a lesser extent, CB'ers will be 

interested in the outcome of WARC-79 because it is hoped that CB will be 

recognized as an international service. 
The present division of the radio spectrum is based largely on major 

changes made in 1947. At that time, meetings were dominated by the 
leading nations in science and technology-the U.S., U.S.S.R., U.K. and 

France. The same was essentially true at the last meeting in 1959. But the 

passing of 20 years promises a dramatic change. 
Expanded by the entry of new countries, the membership at WARC-79 

can be expected to be about one-third higher than at the 1947 conference. 
Because each country has an equal vote (as in the General Assembly of 
the United Nations), any under -developed country's vote holds as much 
weight as the U.S.'s. More importantly, decisions are binding in the sense 

of being international agreements. And clearly, cooperation and agreement 
are most desirable to maintain orderly radio "traffic." 

Many of the new nations to be represented at WARC-79 are indifferent to 

the radio -advanced nations and couldn't care less about some radio 

services. The advancement of amateur radio could conceivably suffer 
because of these attitudes. As an example of what 1979 might harbor, 
consider the experiences at the Geneva Space Radio Conference (1971). 

New Zealand proposed that five amateur bands be considered individually 
for close study of spectrum allocations, with the purpose of getting a small 

portion of higher frequencies for hams. Statements supporting this view 

were made by the U.S., U.K., Canada, Italy, Denmark, Israel and the 
Philippines. Statements against were made by Cuba, Syria and Sweden. 
New Zealand's proposal lost by a vote of 38 to 26 with 6 abstentions. As a 

result, amateur use of these higher frequencies was put to a second test 
on a "should they" or "should they not" proposition. The amateur group 
lost: 46 against, 18 for, 7 abstentions. 

With the radio spectrum expected to expand up to 275 GHz, it's 
important for amateur radio to stake out its claim for the future. Over the 
years, amateur radio spectrum space has been chipped away in one region 
or another. Unfortunately, there don't seem to be too many countries today 
that will give strong support to amateur ,radio.: Furthermore, the 
"third -world" countries are heavily dependent upon point-to-point 
communications in the high -frequency bands. Accordingly, there might be 

an effort to slice away at present international shortwave allocations to 
favor national interests. And "CB radio" is not beloved in many countries 
either. So we in the U.S., with only one vote, need all the friends we can 

marshal at the upcoming WARC-79. 
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Letters 
FROM BARK TO WHIMPER 

truck, I decided to put into practice the hints 
given in the February 1975 CB Scene. The 
solution was simple but none too pretty. I 

reduced the bark in my spark to a whimper 
. as a result the noise level went from 

S7 to S2 ... can run my rig with squelch 
wide open and noise blanker off. Now to 
convince Detroit and/or other motorists to 
clean up their ignition noise problems.- 
W.A. Fuller, Friendswood, Texas 

PARTS AVAILABILITY 

Frustrated by many fruitless attempts to The part of the January 1976 Editorial 
eliminate the ignition noise in my pickup that laments the shortage of walk-in elec- 
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tronics parts retail stores with broad inven- 
tories certainly hits home. I have most 
mail-order catalogs and can attest to the 
fact that it takes a lot of searching for par- 
ticular parts (or equivalent substitutes) 
called for in projects. There is no doubt in 

my mind that serious hobbyists would wel- 
come at least one broad -range parts 
supplier to relieve them of hunting down 
what they need and then having to order 
from more than one source. Benjamin H. 

Lane, Jr., Oklahoma City, OK 

I didn't like your Editorial on parts 
availability. POPULAR ELECTRONICS is one 
of the principal causes of the shortage of 
suppliers. With PE as much in the business 
of selling as in publishing articles, the hob- 
byist is not required to find sources for his 
projects, which means that he doesn't have 
to approach the OEM suppliers. Hence, the 
suppliers are led to believe that hobbyists 
don't provide much of a -market. A. D. Ac- 
ton, Washington, Ml. 

POPULAR ELECTRONICS does not sell 
kits or profit from their sales. We are exclu- 
sively in the publishing business. Where 
possible, we often obtain suppliers of kits 
for construction projects so that readers 
can obtain parts that are not available from 
most other sources. Complete kits from a 

single source are listed for those who don't 
want to "hunt around." We decided to per- 
form this service only after sources of sup- 
ply began to dry up years ago, and devices 
proliferated. 

FOR RADIO ASTRONOMY BUFFS 

Readers of "An Introduction to Radio As- 
tronomy" (January 1976) will be interested 
to know that there is a magazine titled The 
Radio Observer that is devoted entirely to 
this hobby. The magazine provides a forum 
where amateurs can share their progress in 
observing and equipment, and where new- 
comers can find help to get started in the 
hobby. Address is The Radio Observer, 657 
Circle Dr., Santa Barbara, CA 93108.- 
Richard H. Peterson, Editor. 

QUIZ WHIZ KID 

I very much enjoyed the "Black Box 
Quiz" that appeared in the December 1975 
issue, but I must admit that it was a little 
too easy. I'm hoping for more quizzes like 
this in the future.-Don D. Lavanway, 
Lasalle, Ill. 

Out of Tune 
In the March 1976 "CB Scene," the do 

power leads of the transceiver should be 

connected to the de -energized contacts of 
the upper poles of the relay, not to the 
energized contacts as shown. 
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An Extraordinary Offer to introduce you to the benefits of Membership in 5E, 

ELECTRONICS BOOK CLUB 

take 
any 

of these unique 
electronics books - 
value to $58.70 
...for only each 

with a Trial Membership in the Book Club that guarantees to 
save you 25%to 75% on a wide selection of electronics books 

t1es.Cr.caI 

Wiring & LIghrkxE 
Corr Hone & Office 

SPECIAL 
BONUS 

Save us invoicing costs 
(and yourself postage) by 
remitting with application 
and we'll send you this 

31:95 paperback 

FREEI 
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101ELECTRONIC CIRCUIT DESIGN HANDBOOK. GIANT 416-p. circuit. 
designer's cookbook with 639 designs. 8W re 11^. 416p. 96611. List 517.95 
487.544-p. TRIPLE SELECTION: 64 Hobby Protects for Home 8 Car. A host of 
unique, fun -lo build gadgets bound to please everybody, 192p 15911 List 
57.95 -New IC FET Principles 8 Prolects. Learn about today's FETs by build 
ing useful projects from simple devices to sophrsbcated logic circuits 160p 
7011 List 56.95 -Practical Triac SCR Projects. Balanced blend of thyristor 
theory and practical circuits 192p 1461 List 57.95 
510-512-p. DOUBLE SELECTION: How to Read Electronic Circuit Diagrams. 
Anyone can quickly learn his way around circuits and trace signals 256p. 
1401 List 58 95 -Basic Electricity 8 Beginning Electronics. Enjoyable text 
that combines electron theory with high reader interest 256p 19111 LI41 58.95 
563-328-p DOUBLE SELECTION: Beginner's Guide To TV Repair. Ideal 
handbook for anyone who wants to learn the basics of TV repair. 160p. 8011 

List 57.95 -Installing TV 8 FM Antennas. How to get clean, interference -free 
signals to your receiver in all locations. 168p 1581 List 57.95. 
582 -COMMERCIAL FCC LICENSE HANDBOOK. Everything you need to know 
to pass the 1st 2nd. 3rd class exams is included 444p 15011 List 59.95. 
586-368-p. DOUBLE SELECTION: Fascinating World of Radio Com 
munmabons. Covers the romance of listening to all the bands 176p 5611 List 
56.95 -Understanding 8 Using Radio Communications Receivers. Semi - 
technical approach to help upgrade performance 192p. 751 Lid 57.95. 
640--476-p. DOUBLE SELECTION: Selecting 8 Improving Your Hi-fi System. 
fens you what to look for. to expect. and to avoid 224p 12211 List 
57.95 -4 -Channel Stereo, from Source to Sound. ALL the simplified theory 
and how it s done info Snows how you can gel started won a couple of 
speakers and a matrix that Costs less than a dollar! 252p. tO2il List 57.95. 
667 -MINIATURE PROJECTS for ELECTRONIC HOBBYISTS. 20 practical, 
useful proems using miniature solid-state components 168p. 7711 List 56.95 
671 -ELECTRICAL WIRING 8 LIGHTING FOR HOME 8 OFFICE. Do complete 
home or office w ring lobs. inci. illumination systems 204p 15511 List $7.95. 
672 -UNDERSTANDING 8 USING the VOM 8 EVM. Modern guide to every 
possible application of the VOM 192p 18711 LIsl 17.95. 
676 -SIMPLIFIED COMPUTER PROGRAMMING. Really makes programming 
simple Stresses RPG system 240p 17711 List 58.95 
681 -QUESTIONS 8 ANSWERS ABOUT TAPE RECORDING. Has ALL the 
answers plus ALL the circuits sketches, and wiring diagrams you'll ever need! 
Covers lust about any problem you might encounter 26dp 10211. List 58.95. 
683 -PICTORIAL GUIDE TO CO RADIO INSTALLATION 8 REPAIR. Step -05( - 
step approach to installing CB and ham gear in home or car how lo reduce in. 
terference, tune the antenna, maintain equipment, etc 256P 30011. LIST 58.95. 
701 -CET LICENSE HANDBOOK. Covers all you need to pass the exam. lnclud 
ing new audio 8 industrial exams Includes replica lest 276p 2891. List 58.95. 
722 -AMATEUR FM CONVERSION 8 CONSTRUCTION PROJECTS. Covers it 
an, from the simpie to the complex 276p 18711 List 56.95. 
715-406.p. DOUBLE SELECTION: Small Appliance Repair Guide. Shows 
now easy appliances are to repair if you know how they work, come apart, and 
go back 210p 11911 List 57.95 -Home Appliance Clinic. Meaty treasure- 
trove of hard -to -Came -by into on wiring & appliance repair 196p.6111. List 57.95. 
732-JAP CONSUMER ELECTRONICS SCHEMATICiSERVICING MANUAL. 
Gold mine of 89 hard -lo -find schematics, plus all the service data needed for 
radios, tape players. pnonos. etc. 81/2 x II". 196p. 2401. List 58.95. 
812 -RADIO CONTROL FOR MODELS. Most complete R,C handbook ever. 
Covers literally everything -planes. boats, cars, helicopters. tanks, etc. 350p 
41711. Llsl 59.95. 
821 -TV TROUBLESHOOTER'S HANDBOOK. GIANT queA.reference fingertip 
sourcebook for 100's o) Tried -and -tested solutions to "lough -dog" TV 
troubles. Thumbindexed Covers Admiral to Zenith 448p. 30011. List 58.95. 
300 -BONUS BOOK IF YOU REMIT NOW! Dictionary of Electronics. Handy re- 
ference for all in electrones Defines 1000's of terms. d20p. 4871. Lid 54.95. 
TYPICAL CLUB SELECTIONSI and LisLClub prices(' Master Handbook of 1001 
Practical Electronic Circuits 512.95,$7.95-Microprocessor/ Micro 
programming Handbook 59 95755.95 -OP AMP Circuit Design 
8 Applications 599555.95 -Electronic Music Circuit Guidebook 59.95/ 
55.95 -Build Your Own Working Robot 58 95/55.95 -Introduction to 
Medical Electronics 59 95.'56.95 -CB Radio Operators' Guide 58.95/ 
55.95 -Microelectronics 58.95/55.95-21 Simple Transistor Radios 
You Can Build 56 95/53.95 -Ham Radio Advanced Class License 
Study Guide 589554.95 -Small -Screen TV Servicing Manual 59.95/ 
55.95-Arlatlon Electronics Handbook 511 95/57.95 -Practical CB Radio 
Troubleshoollnyllepair 58.95 55.95 -Advanced Applications For Pock- 
et Calculators 58 95 55.95 -Handbook of Multichannel Recording 310.951 
57.95 -Radio Astronomy for the Amateur 58.95 55.95 
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May we send you your choice of three of the prac- 
tical. time -and -money -saving boots on these 

pages as part of an unusual offer of a Trial Mem- 
bership in Electronics Book Club? 

Here are quality' hardbound volumes- each 
especially designed to help you increase your know- 
how. earning power. and enjoyment of electronics. 

These handsome. hardbound books are indicative 
of the many other fine offerings made to Members 
.,.important books to read and keep...volumes with 
your specialized interest in mind. 

Whatever your interest in electronics -radio and 
TV servicing. audio and hi-fi. industrial electronics. 
communications. broadcasting. electronics as a hob- 
by -you will find Electronics Book Club will help you 
get the job you want- keep it. improve it or make your 
leisure hours more enjoyable. With the Club providing 
you with top quality books. you may broaden your 
knowledge and skills to build your income and in- 
crease your enjoyment of electronics too. 

This Special Offer is just a sample of the help and 
generous savings the Club offers you. For here is a 

Facts About CIub'Membersh1p 

(5995 

e The 3 Introductory books of your Choice carry publishers' retail 
prices of up to 538.70. They are yours for only 99; each (plus 
postage and handling) with your Trial Membership. 
e EXTRA BONUS! II you act now and send remittance with Mem- 
bership Application, we will pay all shipping and handling on your in- 
troductory books, and you will also receive the 54.95 paperback 
book, "Dictionary of Electronics," giving you a total value of up to 

563.65. 
You will receive the Club News describing the current Selection, 

Alternates and other offerings, every 4 weeks (13 times a year). 
e It you want the Selection, do nothing; it will be sent to you 

automatically. II you do not wish to receive the Select on, or if you 
want to order one of the many Alternates offered, you simply give in- 

structions on the reply form (and in the envelope) provided, and re- 

turn it to us by the date specified. This date allows you al least 10 

days in which to return the form. If, because of late mall delivery, you 
do not have 10 days to make a decision and so receive an unwanted 
Selection, you may return it at Club expense. 

Personal service for your account -no computers used) 

To complete your Trial Membership. you need buy only tour addi- 
tional monthly selections or alternates during the next 12 months. 
You may cancel your Membership any time after you purchase these 
four books. 

All books -including the Introductory Offer -are Idly returnable 
after 10 days it you re not completely satisfied. 

All books are offered at low Member prices plus a small postage 
and handling charge. Prepaid orders shipped postpaid. 

Continuing Bonus: It you continue ocher this Trial Membership, you 
well earn a Dividend Certificate Ion every book you purvhase. Three 
Certificates. plus payment of the nominal sum of 51.98, will entitle 
you to a valuable Book Dividend of your choice wh ch you may 

choose from a list provided Members. 
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Club devoted exclusively to seeking out only those 
titles of di ect interest to you. Members are annually 
offered over 50 authoritative books on all phases of 
electronics. 

This extraordinary offer is intended to prove to 
you. through your own experience. that these very real 
advantages can be yours...that it is possible to keep up 
with the literature published in your areas of in- 
terest...and to save substantially while so doing. As 
part of your Trial Membership. y'ou need purchase as 
few as four books during the coming 12 months. You 
would probably buy at least this many 
anyway...without the savings offered through Club 
Membership. 

To start your Membership on these attractive 
terms. simple fill out and mail the coupon today. You 
will receive the books of your choice for (0 -day inspec- 
tion. YOU NEED SEND NO MONEY: If you are not 
delighted. return them within 10 days and your Trial 
Membership will be cancelled without cost or obliga- 
tion. 
ELECTRONICS BOOK CLUB P.O. Box 10. Blue Ridge Summit. Pa. 17214 

Ili MI III MI 

ELECTRONICS BOOK CLUB 
P.O. flax 10 
Blue Ridge Summit, Pa., 17214 

Please sendAhe 3 books circled below and Invoice me. 

CMy remittance is enclosed. Send me the 3 books circled plus 
"Dictionary of Electronics." 

Please open my Trial Membership in ELECTRONICS BOOK CLUB 
as l have indicated above. I understand the cost of the books I have 

selected is only 990 each, plus a small shipping charge. If not de- 
lighted, I may return the books within 10 days and owe nothing, 
and have my Trial Membership cancelled. 1 agree to purchase at 

least four additional books during the next 12 months. after which 
I may cancel my membership at any time. 

101 487 510 563 582 586 

640 667 671 672 676 681 683 

701 715 722 732 812 821 

Name Phone 

Addres 

City 

State Zip 

(Foreign and Canada add 1096) PE -46 
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Blueprint for 
Flat Frequency Response 

In the graph below, frequency response was measured using the CBS 100 Test Record. which sweeps from 20-20.000 Hz. The vertical 
tracking force was set at one gram. Nominal system capacitance was calibrated to be 300 picofarads and the standard 47K ohm resistance was 
maintained throughout testing. The upper curves represent the frequency response of the right (red) and left (green) channels. The distance 
between the upper and lower curves represents separation between the charnels in decibels. The inset oscilloscope photo exhibits the 
cartridge's response to a recorded 1000 Hz square wave indicating its resonant and transient response. 

Smooth, flat response from 
20-20,000 Hz is the most 
distinct advantage of Empire's 
new stereo cartridge, 
the 2000Z. 

The extreme accuracy of 

5 

o 

5 

á 
-2o 

10 

15 

its reproduction allows you -25 

the luxury of fine-tuning 
yoúr audio system 
exactly the way you 

=want it. With the 2000Z, 
you can exaggerate highs, 
accentuate lows or 
leave it flat. You can 
make your own 
adjustments without 
being tied to the dips and 
peaks characteristic of most 
other cartridges. 

For a great many people, \ O 
this alone is reason for 
owning the Z. However, we 
engineered this cartridge to give you more. 
And it does. Tight channel balance, wide sepa- 
ration, low tracking force and excellent tracking 
ability combine to give you total performance. 

See for yourself in the specifications below, 
then go to your audio dealer for a demonstration you 
won't soon forget. 

The Empire 2000Z. 
Already your system sounds better. 

-35 
20 
Hz 

r-711- L' 
30 40 50 
Hz Hz Hz 

Frequency Response -20 to 20K Hz ± 1 db using CBS 100 test record 
Recommended Tracking Force -3/4 to 1% grams 

(specification given using 1 gram VTF) 
Separation -20 db 20.Hz to 500 Hz 

30 db 500 Hz to 15K Hz 
25 db 15K Hz to 20K Hz 

I.M. Distortion - (RCA 12-5-105) less than .08% .2K Hz to 20K Hz la 3.54 cm/sec 
Stylus -0.2 x Ó.7 mil diamond 
Effective Tip Mass -0.2 mg. 
Compliance -lateral 30 X10-6 cm/dyne 

vertical 30 X10 -6 cm/dyne 
Tracking Ability -0.9 grams for 38 cm per sec le 1000 Hz 

0.8 grams for 30 cm per sec (n 400 Hz 
Channel Balance-within3, db (a 1 kHz 
Tracking Angle -20° 
Recommended Load -47 K Ohms 
Nominal Total System Capacitance required 300 pF 
Output -3mv&z 3.5 cm per sec using CBS 100 test record 
D.C. Resistance -1100 Ohms 
Inductance -675 mH 
Number and Type of Poles- 16 Laminations in a 4 pole configuration 
Number of Coils -4 (1 pair/channel-hum cancelling) 
Number of Magnets -3 positioned to eliminate microphonics 
Type of Cartridge -Fully shielded, moving iron 

100 
Hz 

500 
Hz kHz 

Frequency In Hz (cycles per Second) 

Á 
5 10 20 

kHz kHz kHz . 

SUPER S 1 tHEO CARTRIDGE 

J 
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HIGHLIGHTS 
("F. -- (Biorhythm Calculator 
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A new calculator which 
measures an individu- 
al's biorhythm in three 
significant areas - 
physical, sensitive 
(emotional), and intel- 
lectual - is being in- 
troduced by Casio as 
the "Biolator." A per- 
son's biorhythm is said 
to fluctuate in cycles of 
23 days fór physique, 28 
days for sensitivity, and 
33 days for intellect. A 

biorhythm graph is pro- 
vided above the cal- 
culator's numerical dis- 
play. Although the 

company has expressed no opinion as to the validity of 
the biorhythm theory, for adherents of' the idea, the 
calculator offers a quick and inexpensive means of de- 
termining biorhythm guide numbers. Aside from the 
machine's biorhythm capabilties, it also performs regu- 
lar mathematical functions of' addition, subtraction, 
multiplication, and division. Priced at $29.95. 

..r 

Drops Receiving Tubes & Test Instruments 
Faced with a sharp decline in demand for receiving 
tubes, RCA has announced that it is closing its receiv- 
ing tube plant in Ilarrison, NJ. The continuing shift to 
solid-state devices in consumer, industrial, and defense 
electronic systems is responsible for the decision. Sales 
in number of tubes dropped 80% since 1966. RCA is 
presently the sole source of about 110 tube types and 
plans to continue to sell tubes. Hopefully, there will be a 
buyer on the horizon. At the same time, RCA has sold 
its electronic instrument business to Viz Manufactur- 
ing Co., of Philadelphia, which will manufacture and 
distribute RCA's VOM's, scopes, signal generators, 
probe assemblies, and battery testers. 

"Inching" Toward Metric 
Although the metric system of weights and measures 
has been legal for use in the U.S. since 1866 by an Act 
of' Congress, legislation to place the United States on a 
course toward voluntary conversion to the metric sys- 
tem was only recently signed into law. Under the new 
policy, industrial and commercial enterprises will be 
encouraged to export products made to metric dimen- 
sions, thus meeting the needs of foreign purchasers 
and, hopefully, providing a stimulus to international 
trade. The National Bureau of' Standards, which has 
had primary responsibility 1ór providing metric informa- 
tion, will hand over its duties to a 17 -member United 
States Metric Board. NBS will continue to make availa- 

ble metric information, including the NBS Metric K 9 -)\and 
"What About Metric," a booklet that explains met- 

ric in layman's terms. NBS Metric Information Office, 
Washington, D.C. 20234 is the place to write. 

NBS Measures 148 THz 

Researchers at the Boulder Laboratories of the National 
Bureau of Standards have extended the realm of di- 
rectly measurable frequencies to 147.91585 THz (ter- 
rahertz, or 1012 Hz), with a probable error of one part in 
ten million. This frequency is only a factor of three 
below the red end of the visible spectrum, which is the 
next target of the NBS physicists. Frequency mea- 
surement in the near infrared was carried out without 
the benefit of stabilized lasers. I lad they been used, 
accuracy could have been improved to the level of one 
part in 10 billion or better. A high, accurately known 
frequency is synthesized by heterodyning, usually by 
irradiating a metal -to -metal point -contact diode with 
laser and klystron oscillators. Then, the known signal is 
mixed with an unknown on the same diode. If the beat 
(difference) frequency is not too large, it can be mea- 
sured with ordinary instruments. Thus, the unknown 
frequency is the sum of' the difference frequency and 
the known laser/klystron frequency. 

Computer -Generated Art Exhibit 
"A Total Environment of Computer Art and Design" will 
be the theme of the 1976 National Computer Confer- 
ence's computer art exhibit. The exhibit will dem- 
onstrate the varied forms of computer -generated art, 
including wall hangings, computer music, and compu- 
ter films, plus computer -created objects for space plan- 
ning, such as furnishings and fabric designs. The Con- 
ference will be held at the New York Coliseum from 
.tune 7 through 10. According to a Committee member, 
much of the material on exhibit will be auctioned for 
the benefit of those who participate. Requests for fac- 
simile entries will go out shortly to individuals, com- 
panies, and educational institutions. Further details are 
available from American Federation of Information Pro- 
cessing Societies, Inc., 210 Summit Ave., Montvale, NJ 
07645. 

London To Honor Blumlein 
The Greater London Council will erect a commemora- 
tive plaque on the wall of Alan Dower Blumlein's home 
in London in recognition of his many achievements in 
science and technology. Blumlein was the inventor of 
modern recording techniques, of stereo, the closely 
coupled inductive ratio -arm bridge, the cathode - 
follower circuit, and the so-called "Miller" integrator, 
among others. The BBC adopted Blumlein's specifica- 
tion in the 1930's for the 405 -line, 50 -frame interlaced 
TV system still used by the BBC today. During his short 
working life, Blumlein was awarded an average of one 
patent each six working weeks. The official unveiling of 
the plaque will take place on or about June 7, 1977, the 
anniversary of his death. 
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New Products 
Additional information on new products 
covered in this section is available from 
the manufacturers. Either circle the item's 
code number on the Reader Service Card 
inside the back cover or write to the man- 

ufacturer at the address given. 

POWER -BOOSTER AMPLIFIERS 

Two power -booster amplifiers that elec- 
tronically boost the audio output of a car 
stereo or radio are being marketed by 
Boman Industries. The PB-50 increases 
power to 50 watts "peak" and has input 
jacks for an electric guitar or public- 
address microphone. PB-40 boosts power 
to 40 watts "peak." Both units measure 73/4" 

D x 5" W x 2" H, and have independent 
volume controls. 
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NC STEREO CASSETTE DECK 

The Model CD -1950 stereo cassette deck 

MOBILE AM CITIZEN BAND 

-A! = _. . . 

orsY 
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~M 
o XL23 .y 

Meg 411.9 
"r. 

a true masterpiece of 
engineering, the Kris XL -23 
has the elegant styling, 
rich vibrant tones, and 
unexcelled exclusive * 
features you'd expect 
from Kris 

Remember 
if it's Kris...it's Class 

1 , .9 r--. INC. 
Pioneer Road. Cedarburg, Wisconsin 53012 
Phone (414) 3775700 

' o tJ 

EXCLUSIVE* AND DISTINGUISHED FEATURES 

* S -Meter Jak for Larger. Optional 
Kris S -Meter 

* Internal/External Speaker Switch 

* NO/NC Contacts-Allows Tandem 
Operation 01 Tape Deck, AM/FM 

- Radio, Burglar Alarm System or 
Other Equipment 

O Solid -State Reliability 

O Acoustical', Isolated, Self - 
Contained Speaker System 

O Illuminated, Easy -To -Read S/RF 
Meter 

O ANL-Automatic Noise Limiter 

O Squelch Control -0.5 uv or Less 
Sensitivity 

O CB/PA Swtch for External PA 
Operation 

O Illuminated Channel Selector 

0 23 AM Channels from 26.965 to 
27.255 MHz 

O Great Receiver Sensitivity -0.5 uv 
for 10 db s/n 

O Maximum Legal Output 

0 100% Transmitter Modulation 

O Transmit Light 

O TVI Adjustment 

O Rugged. Push -to -Talk Dynamic 
Mic 

o Compact (8% z 631 x 2/7 
O Easy 12VDC Installation 

O Positive or Negative Ground 

Kris XL -23... for the discriminating 
buyer... a distinguished mobile 
communications system 

FCC TYPE ACCEPTED 

See your Local Kris Distributor for our complete line 
of communication equipment and accessories. 
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from JVC America features a front -load 
configuration and 0.1% wow and flutter rat- 
ing. In addition, the unit offers pushbutton 
control mechanisms, independent capstan 

- a,*. 
:v 

and reel disc drive belts, a capstan 
flywheel, and an automatic noise reduction 
system. Other features include a 3 -digit 
tape counter, headphone jack, left/right 
mike jacks, and VU meters. The deck 
weighs 171b (7.5 kg) and measures 161/2" W 

x 113/4' D x 51/8" H (42 x 30 x 13 cm). It 

comes with one cassette' tape, two head - 
cleaning sticks, and two connecting cords. 
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HEADPHONES FOR CB 

Three headphones, designed specifically 
for CB applications, have been introduced 
by Superex Electronics Corporation. All 

three models have a built-in gain -limiting 
circuit which automatically and instan- 
taneously cuts volume when a strong sig- 
nal is received. CB -10-2 is a base -station 
unit ($25.00); CB -10-2S is a single -ear 
mobile unit ($20.00); CB -10 -2S -M is a 

mobile unit phone with 200 -ohm boom 
mike attached, featuring remote -control 
PTT switch ($40.00). The series comes in 

black and stainless styling. 
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AUDIO EQUALIZER 

Ace Audio Co. has announced a new audio 
equalizer, the AE 2002, which is being of- 
fered in kit or wired versions. The equalizer 
has 5 bands/channel, each covering a 

range of two octaves. Rated at 2 V output to 
a 10,000 -ohm load, maximum output is 8 V 

rms; distortion is less than 0.5% IM or har- 
monic; hum and noise is -80 dB. There are 
switches for power, tape monitor, and 
equalizer in -out. An unswitched ac outlet is 
provided. Uses include adjusting speaker 
response, room acoustics, program mate- 
rial, and tape recordings. The unit is 

housed in an aluminum chassis with 
brushed aluminum faceplate and maple 
end caps. Measures: 121/4" W x 7" D x 31/2x" 

H (32 x 17.5 x 9 cm) and weighs 3 lb (2.7 
kg). $84.25 (kit), $133.75 (wired). 

CIRCLE NO. 88 ON FREE INFORMATION CARD 

HAND-HELD DIGITAL MULTIMETER 

Non -Linear Systems has added the LM -3.5 
"Volksmeter Plus" to its line of digital mul- 
timeters. The instrument has 3 full digits 
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Altair 4K Static from MITS is unquestionably the finest 4K 

static memory available anywhere. It is also the fastest. 
Altair 4K Static uses Intel 2102 A-4 memory chips which have 

a worst case access of 450 nanoseconds at 70°C. At normal system 
temperatures the access times are typically less than 300 nano- 
seconds. 

Altair 4K Static is fully isolated from the system bus by 
Schmitt rM Triggers. Thus, the excessive capacitive loading caused 
by other 4K static memories is eliminated. Use of these triggers 
on all Altair 4K static inputs greatly reduces noise. Internal data 
collection nodes also use Schmitt Triggers, which prevents internal 
data bus noise from being transmitted to the system data bus. 

Altair 4K Static is the only 4K static supported by MITS. 

Owners of Altair 4K Static are eligible to qualify for discounts 
on Altairl3ASlCand other MITS products. 

Altair 4K Static is the only 4K static that comes with all the 
required Altair hardware including edge connectors and card 
guides. 

Altair 4K Static is the answer for Altair owners who need 
static memory for special applications such as the TV Dazzler 
from Cromemco. 

PRICES: 
Altair 4K Static Kit $159 

Altair 4K Static Kit with 2K Memory $134 
Chip set to convert 2K to 4K $ 45 

L."-...1..,' 

C. 
SPECIAL-Altair Documentation Notebook. Contains catalog, 
price sheet, Computer Notes newspaper, Software Information 
Package, technical data ore Altair hardware, list of authorized 
Altair dealers, list of computer clubs, survey of home computing 
market, and much more. All in top quality three ring binder. - 
Only $5 plus $1 for postage and handling. Offer expires April 30, 
1976. 

MAIL THIS COUPON TODAY 

I Enclosed is check for $ 

I BankAmericard # or Master Charge # 
Altair 4K Static 1:3 Altair 21¿ Static - 

I Include 53 for postage and handling 
l Please send me the Allah Documentation Notebook. Enclosed is $5 plus $1 for 
I postage and handling. - _ 

Please send free catalog and price sheet. 

I NAME 

ADDRESS 

CITY STATE & ZIP 

I MITS/2450 Alamo SE/Albuqueíqtie, NM 87106/505-262-1951 

L-- - " 
_ --- 

Pnces. delivery and specifications subject to change. 

2450 Alamo SE/Albuquerque, NM 87106/505-262-1951 
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for your Altair. 
Our single - 

piece Mother Board 
takes the place of 
either three or four 
separate 88 -EC's. It's 
totally compatible 
with your 8800 sys- 
tem, and you can 
gain full sixteen -card 
capacity with a sin- 
gle installation. 

C 

OUR MB -1 FOUR 88-EC'S 
The rugged MB -1 is a 

full Vs" thick, with a sturdy 
sixteen -slot card guide as- 
sembly that mounts directly 
onto the chassis. Because the 
MB -1 is one solid piece, you 
won't have to solder 300 tiny 
wires in four separate instal- 
lations. And you'll have our 
exclusive bus terminator 
which provides greater relia- 
bility by terminating signals 
with the correct impedance. 
Both the MB -1 (replacing 4 
88 -EC's) and the MB -12 (re- 
placing 3 88 -EC's) are $70, 
postpaid. (Master Charge 
accepted.) 

Write us. 
For details on 

our other compatible 
8800 plug-in modules. 

Tech 
6200-P Hollis Street 
Emeryville, CA 94608 

1 

plus 100% overrange and is a multi- 
function, multi -range meter that fits in the 
palm of the hand. Self-contained re- 
chargeable NiCd batteries permit portable 
operation or 117-V ac operation with the 
charger unit (batteries and charger in- 
cluded). Features include four ranges of dc 
and ac volts to 1000 V dc or peak ac with 1 

mV resolution on the 2-V range, ohms with 
1 -ohm resolution and five ranges from 2k 
to 20M full-scale, ac and dc current in 3 

ranges using shunts supplied, and auto- 
matic polarity. Input impedance is 10M on 
all voltage ranges to eliminate circuit load- 
ing. 4" D x 2.7"W x 1.9" H (10 x 6.5 x 5 cm). 

,L/ 9 7 5 
HI ® MODEL LM.3.6 

. 

Q VAC VV C K/MR 1E0 MR 

LO 
OF 

Price $147 including input leads, batteries, 
charger, and current shunts. Optional ac- 
cessories include leather case, high - 
voltage probe, and desk stand. 
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105W/CH POWER AMPLIFIER 

Phase Linear has introduced the Model 200 
stereo power amplifier. Power output is 
105 W/ch minimum rms at 8 ohms from 20 
to 20,000 Hz at 0.25% THD. Hum and noise 
is rated at least 100 dB below rated power. 
The amplifier features a peak -responding 
power -output display using LED's and an 

electronic protection circuit which inter- 
rupts the amplifier output whenever 
hazardous input is present. The amplifier 
also includes a current -feedback -reducing 
switch. A walnut cabinet is available as an 
accessory. 19" W x 83/4" D x 51/2" H (48 x 22 
x 14 cm). Weight 16 lb (7 kg). $389.00. 
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TRIGGERED -SWEEP SCOPE 

The Model 1471 dual -trace 10 -MHz 
triggered -sweep scope from B&K- 
Precision has 18 calibrated sweep ranges 
from 1 ps/cm to 0.5 s/cm and sweeps to 200 
ns/cm. It will display characters directly 
from TTL drives. The scope is suitable far 

logic and digital design applications and 
for troubleshooting phase -locked loops, 
DMM's, synthesizers, counters, and cal- 
culators. Deflection factor is 0.01 V/cm to 
20 V/cm ±5% in eleven ranges. Calibration 
accuracy is maintained from 105 V to 130 V 

ac. Rise time is rated at 35 ns. Measures: 
161/8"0x97/s"W x PA" H(41 x25x20cm); 
.and weighs 19.6 lb (8.9 kg). $495.00. 
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RECTILINEAR FLOOR SPEAKER SYSTEM 

Rectilinear Research Corp. introduces the 
"Rectilinear 7" floor -standing speaker sys- 
tem, a new top -of -line system in its Con- 
temporary Laboratory Series. A four-way 
system, it employs six drivers: a 12" woofer, 
7" upper -bass midrange, two 11/2" upper - 
midrange tweeters, and two 1" super 
tweeters. Minimum amplifier power, 30 W 
rms, maximum power handling, 350 W rms. 
Uses a filter network rather than conven- 
tional crossover, set for uniform energy 
output; no level controls. Claimed fre- 
quency response, 32 to 20,000 Hz ±2 dB. 
Oiled walnut cabinet made of high -density 
fibrous material. Measures 35" H x 18" W x 
12" D (88.9 x 45.7 x 30.5 cm) and weighs 80 
lb (36.28 kg). $399.00. 
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24 -PIN IC TEST CLIP 

A new 24 -pin test clip for IC's from Conti- 
nental Specialties, the Proto-Clip 24, has a 

narrow throat to bring IC leads up from 
high -density pc boards. It can be used to 
inject signals and wire unused circuits to 
other boards. Scope probes and test leads 
lock onto the gripping contact teeth, 
freeing hands for other work. Noncorrosive 
nickel/silver contacts provide simulta- 
neous wiping action. $8.50. 
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CORDLESS SOLDERING IRON 

An 11 -piece soldering iron kit, Model 
WC100K which contains a cordless iron 
and standard outlet power charger, three 
different tips, screwdriver, solder, solder- 
ing aid tool, sponge, instruction booklet, 
and plastic carrying case with tool tray has 

Monual 

Weller,- 
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_ a 
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Quality speaker systems distribute the audio load between a 
combination of two or,more speakers. low freauen ds 
ore produced by the larger 
quencies ore generated by th 
dome or horn driver or an ele' 

WHICH SPEAKERS A' 
vidual listening taste, and ev.. 
don't agree.. 
The sensible way to buy speal" 
ment, is to listen to the ones yt . 

A -B test the two favorites by h 

music back and forth between, 
differences. (Keep the volume 
will fool you and the louder sal 

always note the power require 
other rc,-... 
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Most turntables ore driven by the indired method, whereby the 

table is turned either by idler wheels or by a belt device 
(better) tonne -ling the motor to the plotter. The most sophisti- 
cated units err ploy the direct drive metf od which eliminates 

tern by czupling the dr:veshaft of the 
ntable. 

T "WOW" YOU. The most 

are wow -and -flutter aid signal-to-noise 

d by a variation, in speed below 20 

ality, the percentage of wow should 

u 
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changes above :f(i cycik., ;: ^Iso 
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ANINTRODUCTION TO STEREO. 
AtYamaha,we feel uniquely qualified 

to introduce you to the joys of true stereo 
high fidelity sound. 

Since 1887, Yamaha has been mak- 
ing some of the finest musical instru- 
ments in the world. Pianos, organs, 
guitars, woodwinds, and brass. 

With our musical instruments, we've 
defined the standard in the production 
of fine sound. And today, with our line of 
state-of-the-art stereo components, 
we're defining the standard of its repro- 
duction. 

However, at one time, owning a 

Yamaha stereo system tended to be 
a rather expensive proposition. Our 
"ultimate" system, for example, hailed by 
the critics for such innovations as 
Vertical-FET circuitry and beryllium 
dome speakers, carries a suggested re- 
tail price of over $7,000. 

But now, Yamaha introduces a selec- 
tion of new stereo components that let 
your Yamaha audio dealer create a high 
quality system for a suggested retail 
price of around $700. 

What you're getting is the same per- 
formance and design concept of our 
most expensive system, but without the 
frills. Also, each component has been 
specially selected and matched to en- 
hance the performance of the other 
components. 

The Receiver: There's a lot more 
than power to our new CR -450 stereo 
receiver. 

You'll enjoy brilliant tonality result- 
ing from super low distortion -0.1% inter - 
modulation and total harmonic distortion. 
(These figures are amazing, considering 
most other competitive receivers are typ- 
ically .5% to 1.0%!) 

In addition,Yamaha offers a full com- 
plement of functional features on the 
CR -450. Twin meters for precise tuning. 
High and Low Filters to eliminate noise 
interference. And two headphone jacks, 
so you don't have to listen alone. Plus 
our own exclusive Variable Loudness 
Control, which gives you full tonal bal- 
ance-even at low volume levels. 

The Turntable: Yamaha's new high- 
performance YP-450 shares many of the 
features of our "ultimate" system turn- 
table, the YP-800. 

A low mass tonearm, with adjustable 
height and anti -skating, allows the stylus 
to track flawlessly at the lightest pres- 
sure. And the cue control is viscous - 
damped in both directions to prevent 
record damage. 

A handsome walnut -grained base 
and a dust cover are standard. 

The Speakers: By the careful refine - 

Yamaha International Corporation, 
Audio Division, P.O. Box 6600-L, 
Buena Park, Calif. 90620 
Please send my free copy of 
"An Introduction to Stereo:' 

NAMF 

ADDRESS 

CITY 

STAT F 71P 

ment of proven acoustic and electronic 
engineering principles, Yamaha's NS -2 
rivals the sound quality of many larger, 
more expensive speakers. 

The NS -2's soft dome tweeter -and 
high compliance, foam surrounded 
woofer (the same design principles fea- 
tured in our superlative NS -690 speaker) 
offer excellent high frequency disper- 
sion as well as clean, accurate bass 
reproduction. 

Underneath the NS -2's removable 
grille cloth, quality construction is evi- 
dent in the fully finished front cabinetry. 

The Headphones: Yamaha's pat- 
ented new Orthodynamic design HP -2 
combines the smooth highs of the best 
electrostatic headphones with the full, 
rich bass of the best dynamic types. 

In addition, the HP -2 features comfort- 
able featherlight styling by famous Italian 
designer Mario Bellini. 

An Introduction to Stereo. Chances 
are, when it comes to understanding 
terms like watts, dB's and signal-to-noise 
ratios, you're probably a little confused. 
So we've prepared a booklet that ex- 
plains the basics of the world of sound. 

Appropriately enough, it's titled 
"An Introduction to Stereo:' 

To get your free copy, just send us 
the coupon. 

Then, once you know the basics, visit 
your local Yamaha audio dealer. His 
knowledgeable salesmen and extensive 
demonstration facilities can save you a 
great deal of time and money in helping 
you select a system. And his first-class 
service will keep you happy. 

So talk to your Yamaha audio dealer. 
His experience and your ears make the 
perfect introduction to stereo. 
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been introduced by Weller. Designed to 
handle repairs at sites where there is no 
line power available, the 53/4 -ounce iron, 
with fingertip control and safety lock, heats 
in six seconds and develops a constant tip 
temperature at 700°F. It uses long -life re- 
chargeable NiCd batteries and has a built- 
in work light. Price $29.95. 
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HAM COMPUTER TERMINAL 

Computronics' "Morsetyper" computer 
terminal, Model BDC, can store over six 
"Quick Fox" sentences or 256 "V" charac- 
ters in its five registers. It will use this 
memory capacity in two modes, OSO or 

QST, at speeds from 5 to 200 w/m. Both 
modes allow random speed touch -in while 
the machine outputs uniformly at any set 
speed. A 56 -pad touch keyboard provides 
36 alphanumerics, 8 punctuation, 7 pro - 
signs, 5 prowords, and error. Distress mes- 
sages or bulletins can be endlessly re- 
peated, making the machine a solid-state 
equivalent of a tape recorder but with the 
advantage of instant reprogramming. 
Three status lights and a monitor allow the 
functions of the Morsetyper to be seen and 
heard. The unit will operate from 120/240V, 
50/60 Hz ac. It measures 13.75" W x 8.5" D x 
4" H (35 x 22 x 10 cm); shipping weight is 
10 lb (4.5 kg). $495. 
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From the deep jungles of jumbled software, from the rivers of 
mysterious circuits, he came. Mini -Micro Designer. He was 
tough and smart. And he glowed with purpose. To teach the 
people microcomputers. 
Learn from the leader in the modern electronics revolution. 
E&L's Mini -Micro Designer (MMD-1) comes with a series of 
educational "modules" that teach you how to design and use 
a microcomputer. And you get complete documentation and 
full software support. MMD-1 features the 808ÓA central pro- 
cessor chip, direct keyboard entry of 
data/instructions, LED status indicators, 
and all the apparatus needed to make 
your first microcomputer. Novice or ex- 
pert, MMD-1 gets you into action fast. 
Put a revolutionary on your side. Send 
for more information today. 

CIRCUIT DESIGN, INC. 
Division of E&L Instruments 
P.O. Box 24 

Shelton, Conn. 06484 
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Prices start at $125.00 
in kit form. 
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CD IGNITION SYSTEM 

Delta Products, Inc. now has a new high- 
energy capacitive discharge ignition sys- 
tem - Mark Ten C. Designed for modern- 
day engines with or without emission con- 

---1 

I II 

N. r 

trol devices, the system uses "Vari Spark" 
circuitry plus improved thermal output 
energy, new dc -to -dc converter/ trans- 
former, and high output energy to help 
overcome problems caused by poor man- 
ifolding, lean mixtures, and variations in 
gasoline. Available fully assembled at 
$69.95. 

CIRCLE NO. 91 ON FREE INFORMATION CARO 

BASE -STATION FILTER FOR CB 

Cornell-Dubilier has added a susceptibility 
base -station filter to its line of CB noise 
filter products, the Model CBBS-1. It is de- 
signed to remove interfering power -line 
signals entering base -station receptacles 
through the ac power lines. The filter is 
applied at the base station. 
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AUDIO SIGNAL-TO-NOISE SQUELCH 

"Sound Off" is a self -compensating 
signal-to-noise squelch that operates di- 
rectly on the audio signal. It can be placed 
anywhere in the audio line and will squelch 
the signal whenever speech or other in- 
formation is removed. Applications include 
vhf communications, SSB communica- 
tions, telephone circuit systems, and 
voice -operated tape recorders. It operates 
from its own ac power supply and automat- 
ically compensates for changes in atmos- 
pheric noise and is insensitive to false trig- 
gering by impulse or other noise. Heart of 

some Off 
AUDIO SQUELCH 

o 

I'''. 
Se 1,1 
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the unit is .a patented miniature signal 
analyzer which constantly monitors the 
content of the channel and determines if 
information or noise is present. Kahn 
Communications, Inc., 74 N. Main St., 
Freeport, N.Y. 11520: 
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erryou've got a Pace [B radlq 
u've: gol the woNd by the ears. 

Pace gives you the power to make people listen. Wi-h information' on the weather 
ahead. Reporting emergencies ... ''boiled over radiator at 181tih,and Grove" .. . 

,I it obtaining information ... "just drove into tovwi, where's the cheaaest gas?".. . 
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race CB 166 is the CB radio with frequency synthesis and digital log c. 
Utilizing Phase Lock Loop enrcui.try. Or, more simply stated: Phase 
Lock Loop generates the proper :elected frequen:y and keeps you on 
that frequency by utilizing co_npu.er technology. 

Engineered to give you maxi-num pow3r. And asst your dealer about the 
strength of Pace's warranty. 

PACE... BEST SELLING CB IN THE WORLD* 

`((p)) PATHCOM INC.- PACE® TWO-WAY RADIO PRODUCTS 
24049 S. Framptcn Ave., Harbor City, CP. 90710 _ 

Available in Canada from Suoerior Eledanics Inc. Export (all other parts of the would¡ 2200 Shames Cr, Nestt ury,'N.Y. 11590 

*Based on Pathcom estimates. 

02102 
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The real way to learn digital electronics! 

NRI is the only school 
to train you at home on a 

real digital computer. 
Learn computer design, con- 
struction, maintenance and pro 
gramming techniques on your 
own programmable digital 
computer. 

Qualified technicians are 
urgently needed for careers in 
the exciting new field of digital 

and computer electronics .. , 

- and the best way to learn digital 
logic and operations is now 
available to you in NRI's Com- 
plete Computer Electronics 
course. 

This exclusive course trains 
you at home on your own dig- 
ital computer! This is no begin- 
ner's "logic trainer", but a 
complete programmable digital 

computer that contains a 
memory and is fully auto- 

matic. You build it yourself 
" and use it to define and flow- 
chart a program, code your pro- 
gram, store your program and 
data in the memory bank. Press 
the start button and the com- 
puter solves your problem and 
displays the result instantly. 

The NRI digital computer is . 

one of 10 kits you receive in 
the NRI Complete Computer 
Electronics Course. You build 
and use your own TVOM, and 
experiment with NRI's exclusive 
electronics lab. You perform 
hundreds of experiments, build- 
ing hundreds of circuits, learning 
organization, operation, trouble- 
shooting and programming. 

New NRI Memory 
Expansion Kit 

The Model 832 NRI Digital Computer now 
comes with a new Memory Expansion Kit. 
Installed and checked out in 45 minutes, 
it doubles the size of the computer's 
memory, significantly increasing the scope 

.and depth of your knowledge of digital 
computers and programming. With the 
large-scale IC's you get the only home train- 
ing in machine language programming ... 
experience essential to troubleshooting 
digital computers. 

- .. i .:de i__ 
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Only NRI offers you five 
TV/Audio Servicing Courses 

NRI can train you at 
home to service TV 
equipment and audio 

I' systems. You can 
1 choose from 5 I ,' 

courses, starting with I. 

a 48 -lesson basic 
course, up to a Master Color TV/Audio 
Course, complete with 25" diagonal solid 
state color TV and a 4 -speaker SQ® Quad- 
raphonic Audio System. NRI gives you both 
TV and Audio servicing for less than you'd 
pay for either course at the next leading 
home study school! 

All courses are available with low down 
payment and convenient monthly payments. All 

courses provide professional tools and "Power - 
On" equipment along with NRI kits engineered 
for training. With the Master Course, for instance, 
you build your own 5" wide -band triggered sweep 
solid state oscilloscope, TV color pattern generator, 
CMOS digital frequency counter, and NRI 
"Discovery" electronics lab. trademark of C3S, Inc. 

NRI's complete communication course includes 
your own professional 500 -channel VHF transceiver 

-! ,! tr-Ñ, NRI prepares you for a career in the 
1.., 21 

rapidly expanding field of communica- 
"** rjr : tions ... a field destined to double in 

14 the next decade! You can train at home 
for one of the thousands of service and 
maintenance jobs opening in Citizens . . 

x _ '-.: Band, AM and FM transmission and 
reception, TV broadcasting, microwave systems, teletype, radar, 
marine electronics, mobile communications, and aircraft elec- 
tronics. You train on your own 500 -channel, digitally -synthesized 
VHF Transceiver and AC power supply; CMOS digital frequency 
counter; with bite -size lessons leading to,your FCC radiotelephone 
license and the communications field of your choice. 

You pay less with NRI training and 
you get more for your money. 
NRI employs no salesmen, pays no commissions. 
We pass the savings on to you in reduced tuitions 
and extras' in the way of professional equipment, 
testing instruments, etc. You can pay more, but 
you can't get better training. 

More than one million students in 62 years 
have learned at home the NRI way. 
Mail the insert card and discover for yourself 
why NRI is the recognized leader in home train- 
ing. No salesman will call. Do it today and get 
started on that new career. 
APRIL 1976 

_.-..'_ f r .. 
o 2 2 3 _' ° - -- --..- - -._.. -- ,n 

APPROVED FOR CAREER TRAINING UNDER GI BILL 

Check box on card for details. 

MAIL THE INSERT CARD FOR YOUR 
FREE NRI CATALOG No salesman will call 

NRI NRI SCHOOLS 
W' ( McGraw-Hill Continuing Education Center 
t= 3939 Wisconsin Avenue. 

aJ Washington, D.C. 20016 
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 Stereo Scene 

HI-FI UPGRADING TIPS 

THIS COLUMN is addressed mainly 
to those who, having recently ac- 

quired their first audio systems and 
installed them in a mad rush of antici- 
pation, have never gotten around to 
those last, fussy little details and ad- 
justments necessary to bring 
performance up to its peak. There are 
also some notes on routine mainte- 
nance, and a couple of items that 
might be called helpful hints of in- 
terest even to old timers. 

The War With the Neighbors. You 
apartment dwellers who risk eviction 
proceedings every time you turn up 
the volume control may appreciate 
this item. It is amazing-even 
astonishing-to discover how much 
intra-building noise is transmitted, not 
through the air, but through the struc- 
ture of the building itself. A heavy 
speaker resting on a bare floor will 
inevitably impose vibration on the un- 
derlying supports, and these impulses 
can travel with very little loss to the 
strangest and most remote places. 
The solution is to shock -mount the 
speaker at the points where it rests on 
the building structure. Experience 
shows that the smallest expenditure 
can yield great improvements. Even 
the simple rubberized squares in- 
tended to be placed under the legs of 
furniture will, in many cases, com- 
pletely pacify a disturbed neighbor. 
Layers of carpet underneath the 
speaker should do better still. For 
problem cases you might construct a 

"sandwich" of plywood sheets with a 

slab of polyurethane foam in between, 
making sure that the foam is not com- 
pressed so much that it loses its resil- 
iency. 

My speakers sit on a wood platform 
constructed of 2 x 3's and plywood 
flooring. Every point where the plat- 
form contacts wall or floor is buffered 
with a rubber socket. I think.) may have 
overdone it, because aside from those 
few privileged guests who have been 

By Ralph Hodges 

invited to the inner sanctum to hear 
the system in all its glory, no one else 
in the building seems to know it exists. 

Incidentally, another prime factor in 
noise transmission is the ventilating 
ducts found in apartments with in- 
terior bathrooms or kitchens. Usually 
these can be blocked off with chunks 
of foam for listening sessions, but 
even closing strategic doors around 
the apartment before you turn on the 
music may do the trick. 

Wiring Yourself For Sound. Now 
it's time to look at that rat's tangle you 
call your speaker cables. Any conduc- 
tor that connects speaker to amplifier 
will enable the speaker to make a 
noise, but inadequate wiring will 
waste amplifier power, degrade the 
damping factor, and subtly but 
measurably affect frequency re- 
sponse. Rarely will any of this be 
grossly audible, but why ask for trou- 
ble? The nomograph of Fig. 1 (cour- 
tesy Crown International) reflects the 
practices of professional installers. If 
you're in doubt or too lazy to measure 
the required cable lengths, number 16 
lamp cord is adequate for most home 
installations where amplifier and 
speakers share the same room. 

Cleanliness Counts. Air circulates 
in generous amounts through an 
audio amplifier when it is in use, and 
the air brings dust with it. When it col- 
lects on heat sinks and chassis, the 
dust tends to contain the heat, which 
then has a chance to do its dirty work 
on capacitors and other circuit com- 
ponents. At least once a year it's a 
good idea to take the cover off your 
amplifier (and other electronic com- 
ponents) and wipe it down with a rag 
dampened with a mild cleaning agent. 
Vacuum tubes, if any, should be re- 
moved and thoroughly swabbed, and 
the fans on the backs of capstan 
motors in tape recorders deserve a 

careful going-over. The little finned 

assemblies often attached to circuit - 
board transistors are also heat sinks 
that require the cleaning treatment. 
There will usually be a greasy sub- 
stance in the vicinity of driver and 
power transistors: Novices have been 
known to react to its presence with 
horror, but it is merely a silicon com- 
pound to improve the efficiency of the 
heat sinks, and it should be left undis- 
turbed as much as possible. 

While the covers are off, you might 
(if you're equipped with a proper volt- 
meter) want to check that the power - 
supply voltage(s) is within tolerance, 
and that none of the coupling 
capacitors are "leaking." The pres- 
ence of appreciable dc levels on the 
"cold" sides of coupling capacitors is 
often a sure prophecy of puzzling 
sonic degradation in the near future. If 
supply voltages and coupling 
capacitors are holding up, you can 
clap the cover back on the unit with 
reasonable confidence of good per- 
formance in the coming year. But be- 
fore you close things up squirt all con- 
trols and switches with a good TV 
tuner cleaner. And when you reinsert 
the component into the system, make 
sure that all connections are tight and 
that interconnecting cables are not in- 
termittent. 

Getting Needled. Surprisingly, a 
major contributor to bad sound is a 
dirty phono stylus. I once thought that 
the enormous pressures involved with 
tracking a phonograph record would 
pulverize and then wipe away any con- 
taminants that might build up on the 
stylus, but authorities tell me other- 
wise. Anyway, there is certainly no 
question about the horrendously bad 
sound that a dirty stylus can produce. 

You can pick your own solution to 
dirty styli. Any grain alcohol will do, 
although I prefer vodka when I can get 
it. Simply fold your cocktail napkin to 
form a sharp point, dip said point 
quickly into the alcohol and rub it 
gently around the tip and base of the 
stylus. In a short time the tiny diamond 
chip should begin to exhibit a (usually) 
yellowish highlight, and the job is vir- 
tually done. Afterward, the stylus 
should be kept clean by stroking, with 
a soft brush, after every record. The 
experts say you should brush only 
from back to front; but for many years I 

have had no problem with brushing 
every which -way. 1 do keep the speak- 
ers on when I brush, however. (A noise 
loud enough to harm the stylus is also 
likely to destroy the speakers, so you 
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The great Sansui equation 

For those who want and can appreciate superior 
high fidelity, here are three great values. These inte- 
grated amplifiers and tuners are both matched and 
designed to give. you incrediby clean tonal quality, 
versatility, and performance. - 

The AU -5500 integrated amplifier with 32 watts 
per channel, min. RMS, both channels driven into 8 ohms 
from 20 Hz to 20kHz, has no more than 0.15% total 
harmonic distortion. Features triple tone controls with a 
middle frequency control to add pleasure to your music; 
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high and low cut off filters; 7 position tape play/dubbing 
switch for creative recording versatility. The AU -5500 is 

matched with the TU -5500 tuner, with a 1.9µV sensitivity 
and a selectivity of better than 60 dB. 

The AU -7700 integrated amplifier offers a power 
output of 55 watts per channel, min. RMS, both channels 
driven into 8 ohms, from 20Hz to 20kHz and no more 
than 0.1% total harmonic distortion, Features a 7 -position 
tape play/dubbing switch for creative recording 
versatility; selectable phono input impedance. It is 

matched with the TU -7700 tuner, featuring a 1.8µV 
sensitivity for picking up even the weakest signals. 

Selectivity of better than 80 dB: 
Sansui also offers an AU -4400 integrated 

amplifier and TU -4400 tuner which display the same 
Sansui high quality performance and many of the 
same features as the other pairs in this series of 
separates. 

If you should not be as yet a devotee of 
separate components, any of these pairs is sure to 
make you one, Stop in soon at your nearest Sansui 
fanchised dealer -c select ary of the thrBe 
combinat ons for rr usical enjoyment you wi I value for 
many years to comp. 
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SANSUI ELECTRONICS CORP. 
Woodside,,New York 11377 Gardena, California 90247 
SANSUI ELECTRIC CO.,'L D., Tokyo, Japan - SANSUI AUDIO EUROPE S.A., Antwerp, Belgium 
In Canada: Electronic Distributors - 
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Fig. 1. Nomograph relating cable length, wire size, and damping factor. 
For a given load resistance and damping factor, wire size and length can be determined. 

generally know where you are). And I 

use reasonable care! 
When it's time to get your stylus 

checked for wear (twice a year for 
heavy users is advisable), go to a place 
with a good microscope designed for 
the purpose. However, be aware that 
many microscopes have insufficient 
depth of field, improper lighting, or 
other limitations. Insist on examining 
the stylus yourself, after the salesman 
has had his look. This is not to forestall 
hanky-panky (although it has hap- 
pened that people have been sold new 
styli when the old was perfectly 
adequate), but to familiarize yourself 
with the appearance of a worn stylus. 
It is not always easy to judge when a 

diamond tip has passed the point of 
usability. Some elliptical styli never 

acquire the flat spots and chisel edges 
that are such a risk to records; instead, 
they grow more rounded, finally be- 
coming virtually conical (or spherical) 
in profile. In this case, the sound you 
get from your records remains the 
best indicator of excessive wear. 
When the stylus starts snagging the 
bottom of the record groove (usually 
indicated by an intolerable increase in 
noise), it has had it. 

I don't want to play down the dam- 
age a worn stylus can do to a record; it 
is a very real and sobering fact. 

Alignment Aggravations. A car- 
tridge's stylus assembly must be 
properly aligned with the record 
groove or the record won't be traced 
in the intended way. I have heard 

-#0 
---# 00 

# 0000 

numerous testimonials to the effect 
that cartridge alignment is not critical, 
but I am still not so sure. Alignment, I 

feel, can have an effect on the sound 
you hear, particularly with difficult 
records. The trouble is that perfect 
alignment is very difficult to achieve in 
practice. 

The lateral tracking -angle adjust- 
ment attempts to assure that the 
front -to -back axis of the cartridge is 

precisely parallel to the tangent of the 
record groove at the point where the 
stylus contacts it. This tangency is 

most important at the inner grooves, 
where the curvature of the grooves is 

greatest, and where recorded wave- 
lengths are short. The stylus overhang 
adjustment on many record players 
can be used to try to achieve this 
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HOW TO SAVE HUNDREDS 
OF DOLLARS ON PARTS. 

PAINLESSLY. 
STRETCH YOUR BUDGET FURTHER 

WITH DESIGN MATE 2 
Precision function generator lets you 
test all kinds of equipment, with 1Hz- 
100kHz signals. Low -distortion sine 
waves, high -linearity triangle waves, 

fast -rise -time square waves. Five 
decade ranges, accurate to 5% of dial 
setting, with variable 10OmV-10V P -P 

output and constant 600 -ohm 
impedance. At $64.95; it's a lot of 

signal for very little money. 

SAVE MONEY AND TIME 
WITH DESIGN MATE 1 

This precision all -in -one unit combines 
a solderless plug-in breadboarding 

system with a built-in better -than -1% 
regulated variable 5-15V supply and 

0-15V voltmeter. Gives you everything 
you need to design and test circuits 
faster than you ever could before. 
Saves money by eliminating lead 

damage and heat damage to 
components. Lets you re -use parts over 
and over again, to save even more. All 

for just $49.95* 

SAVE MORE MONEY AND TIME 
WITH DESIGN MATE 3 

Accurate R/C bridge helps you use 
"bargain" components. Quickly and 

easily measures resistance 10 ohms -10 
meg; capacitance 10pF-1µF-both in 

decade ranges to within 5% of dial 
setting. Simple, 2 -control operation and 

positive LED indication make 
measurements in seconds. At $54.95,* 

it pays for itself in no time. 

At CSC, we've developed a family of ingenious Design Mate test equipment that 
gives you professional quality and precision at very unprofessional prices. Each 

unit can save you money-and time-in a number of interesting ways. 
For more information on these, or any other CSC products, see your dealer or write 

for our catalog and distributor list. 
CONTINENTAL SPECIALTIES CORPORATION 

EASY DOES IT 
44 Kendall Street, Box 1942 

New Haven, CT 06509 203-624-3103 TWX: 710-465-1227 
West Coast office: Box 7809, San Francisco, CA 

94119 415-421-8872 TWX: 910-372-7992 
Canada: Len Finkler Ltd., Ontario 

Manufacturer's suggested list. Prices and specifications subject to change without notice. © 1976, Continental Specialties Corp. 
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avanIX's 
CB 

mobile 
antennas 
offer: 

Quality construction 

Long range 

Mounting versatility 

This is the Avanti Racer 

27 mobile antenna. A 

first quality instrument, 
it is one of the most pop- 

ular antennas in the en- 

tire CB field. That's 
because experienced 

CBers appreciate the 

benefits of a good, de- 

pendable long-range 

antenna that offers 
quiet performance. 

The Racer 27 is readily 
adaptable to a wide variety 
of mounting assemblies: 

a fold -over mount for 
campers and vans 

a no -hole trunk mount 
(no drilling into your car) 

a mirror bracket mount 
for trucks 

a dual assembly for 
increased performance 

on all vehicles 

Avanti makes the famous 

MOONRAKER CB BASE 

ANTENNA 

The Racer 27 is Avanti 
Model AV -327. Suggest- 

ed retail $23.95 

This is only one of many 

Avanti antennas for car, 

boat or home. Send to- 
day for FREE full -color ; 
catalog. 

avanlv 
RESEARCH AND DEVELOPMENT, INC. 

340 Stewart Ave., Addison, Illinois 60101 
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(Drawing from Shure owner's manual.) 

Fig. 2. Center sketch shows 
correct alignment of cartridge. 

tangency, but many turntables are 
sold without specific instructions on 
how to make the adjustment. If that is 

your problem, you can construct the 
alignment protractor shown in Fig. 2. 

A 3 x 5 index card should serve your 
purpose. Drill or cut a hole in one end 
to fit the turntable spindle snugly. 
Then draw a straight "radius" line 
from the center of the hole to the other 
end of the card. Draw several perpen- 
diculars to this line. Then make a tiny 
pinhole in the middle of the radius line 
about 21/2 inches away from the spin- 
dle hole. If you fitthe spindle hole over 
the turntable spindle and place the 
phono stylus in the pinhole, the out- 
line of the tonearm's cartridge shell, 
as viewed from directly above, should 
be square with the perpendicular lines 
on the protractor. If it is not, moving 
the cartridge forward or back in the 
shell will make it so. And then, assum- 
ing that the cartridge is mounted 
straight within the shell, you have 
done the best job of lateral alignment 
that the naked -eye approach permits. 

The vertical tracking -angle adjust- 
ment is also a line -of -sight operation. 
The object is to make sure that the 
cartridge, viewed from the side, is pre- 
cisely parallel to the record surface. 
(The reference plane for this adjust- 
ment is usually the top of the car- 
tridge, although there is doubt about 
this in some cases). If the cartridge is 

not parallel, shimming it with spacers 
on its mounting screws, or raising or 
lowering the tonearm base, will get it 
into shape. Note that this is a com- 
promise adjustment that will not be 
absolutely correct for every record. 

Azimuth adjustment (ensuring that 
the stylus is vertical to the record sur- 
face when viewed from the front) is the 
easiest adjustment to make. The pro- 
cedure usually recommended is to 
place a pocket mirror on the turntable 
platter, lower the stylus onto it, and 
adjust until the cartridge and its reflec- 
tion are aligned (Fig. 3). Unfortunately, 
most pocket mirrors are silvered on 
their undersides, so the reflection is 

some distance away from the car- 

tridge, complicating the adjustment. 
As a substitute for the mirror, you can 
use an actual record, which when 
properly lighted and viewed from the 
right angle will give an adequate re- 
flection. 
How About a New Turntable? The 
quickest thing to wear out in an inex- 
pensive system is usually the record 
changer, which may become erratic in 
its changing mechanism or just gen- 
erally tired and rumbly. If you're will- 
ing to get involved with its innards, 
even an inexpensive compact system 
can often be connected to an external 

CARTRIDGE 

DISC 

111 
REFLECTION 

(A) 

CARTRIDGE 

DISC 

REFLECTION 

(B) 

Fig. 3. Cartridge should line up 
with its reflection in mirror. 

turntable, bypassing the packaged 
unit. And if it is of reasonably good 
quality, the outboard turntable will 
preserve your record collection until 
you can afford the "ultimate" system. 

An obstacle to this plan may arise 
since most modest record players use 
ceramic phono cartridges, whereas a 

good turntable is customarily de- 
signed to accept a comparatively 
light -tracking cartridge of _high com- 
pliance. As a rule, this means a mag- 
netic cartridge, since there is a severe 
dearth of high -quality ceramic pick- 
ups. However, to meet the require- 
ments of an amplifier designed for 
ceramic cartridges, the output of a 

magnetic pickup must be equalized 
and somewhat amplified. You'll need, 
therefore, an outboard phono pream- 
plifier to go with the turntable. Such 
devices are in good supply, ranging 
from deluxe (and costly) units from 
Shure and All -Test, among others, to 
Pickering's and Shure's inexpensive 
Models PP -1 and M64, respectively. In- 
terfacing these with almost any ampli- 
fier should involve no insurmountable 
problems, although you'll have to pay 
attention to ground connections. 
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There's plenty of power packed in this beautiful receiver. 
Muscle you- reoeiver needs for mare than just sound volume. 
Power prciuces clear distortion -tree splint. Anc gives itto 
you evEn at low N.olumE. 

The Lafayette L 3500_ has a well -developed 47 watts 
per channe mini -nun RMS. Bo:h channelsdriien at 8 ohns 
from 20-20._000 Hz wit -i no mo-e than 0.5% btal harmonic 
distortion. 

The lop of the Lafayette line, the LR3500 AM,FM stereo 
FM receiver has all _ne =eatures you've came tc expect as the 
trappings of power It has states -of -ti -e -art electronics, com- 
plete powe- con_rds to persoralize the saurd 4nd many 
conven enoe features Ike dual tape monito-s, and FM mute. 

Power is yours \kith the Lafayette LR-3500. is $399.95 at 
your Lafayette dealers. There are dealers coast to coast Or 
shop frorñcur free catalog. 

The Lafayette LR-3E00 can make your dreams forpcwer 
come true. 

ectranically Speaking. 
- Who <1ows Better Than 

I 
Radio Bectróric: & Shopping Centers 

Lafayette Radio Eledr.nic Cxioration,1976 111 .AEicFo -tlnpíle13yosset. N.Y. -1791 
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Solid -State. 
Color TV 
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(Simulated TV Reception) 

As an NTS student you'll acquire the know-how that 
comes with first-hand training on NTS professional 
equipment. Equipment you'll build and keep. Our 
courses include equipment like the NTS/Heath 
Digital GR-2000 Solid State color TV with first -ever 
features like silent varactor diode tuning; digital 
channel selection, (with optional digital clock), and 
big 315 sq. in. ultra -rectangular screen. 

Also pictured above are other units - 5" solid state 
oscilloscope, vector monitor scope, solid-state ster- 
eo AM -FM receiver With twin speakers, digital multi - 
meter, and more. It's the kind of better equipment 
that gets you better equipped for the electronics 
industry. 
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This electronic gear is not only designed for train- 
ing; it's field -type - like you'll meet on the job, or 
when you're making service calls. And with NTS 
easy -to -read, profusely illustrated lessons you learn 
the theory behind these tools of the trade. 
Choose from 12 NTS courses covering a wide range 
of fields in electronics, each complete with equip- 
ment, lessons, and manuals to make your training 
more practical and interesting. 
Compare our training; compare our lower tuition. 
We employ no salesmen, pay no commissions. You 
receive all home -study information by mail only. 
All Kits, lessons, and experiments are described in 
full color. Most liberal refund policy and cancella- 
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tion privileges spelled out. Make your own com- 
parisons, your own decision. Mail card today, or 
clip coupon if card is missing. 

NO OBLIGATION. NO SALESMAN WILL CALL 

APPROVED FOR VETERAN TRAINING 
Get facts on new 2 -year extension 

NATIONAL TECHNICAL SCHOOLS 
TECHNICAL -TRADE TRAINING SINCE 1905 

Resident and Home -Study Schools 
4000 So. Figueroa St., Los Angeles, Calif. 90037 

1111 giM WM MI MI.1111 NATIONAL TECHNICAL SCHOOLS Dept. 205-046 
400C South Figueroa St., Los Angeles, Calif. 90037 
Please send FREE Color Catalog and Sample Lesson. 

INO OBLIGATION. NO SALESMAN WILL CALL. I Color TV Servicing Electronics Technology 
E & W TV and Radio Servicing Computer Electronics 

El Electronic Communications Basic Electronics 
C FCC License Course Audio Electronics Servicing 

INAME AGE 1 
ADDRESS APT # 

CITY 

' 
STATE 

I Please fill in Zip Code for fast service 
Check if interested in G.I. Bill information. 
Check If Interested ONLY in classroom training in Los Angeles. 

LI NM ME - I ~ NM ~I ~I - 11 
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ee John Buckner, independent installer says: 

Wínég ardChromstár *. 

-has. ptoved it does 
a beaútíful job" 

i 

WINEGARD 

GPOROGEIP 

II... quality of Winegard products, 
... far surpasses other brands ..." 

"We depend on the Winegard Chromstar 
Antenna for quality color reception." 

"... tremendously pleased with the 
reception the Winegard Chromstar 
antenna gets in our area." 

34 

Get all the facts from your Winegard Distributor. 
Free Spec'Charts on all models. 

áIDOóGEa 

These statements are from John A. Buckner, 
President of Buckner Co., Lyndon, Kentucky, who 
adds in his letter, * "We have a unique situation 
in the Louisville area, with all television signals 
coming from a ridge west of town, and their power 
output varying greatly. We have two VHF stations 
-Ch. 3 and 11- and four UHF stations- Ch. 15, 
32, 41, and 68. We must cover a broad range of 
signals, and an even 'wider variation of power out- 
put levels from these stations. The Winegard 
Chromstar antenna has proved to us and our cus- 
tomers that it does a beautiful job." 
*A copy of Mr. Buckner's letter will be sent to you on request. 

LOOK TO CHROMSTAR FOR QUALITY AND PERFORMANCE 

CH -7080 
VHF -UHF -FM 

CH -9085 
UHF only 

WINEGARD® COMPANY 
3000 Kirkwood Burlington, Iowa 52601 

TV ANTENNAS MORE PEOPLE LOOK UP TO. 
CIRCLE NO. 66 ON FREE INFORMATION CARD 

CH -8096 r 
VHF -UHF -FM 
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TV ELECTRONIC GAME PROJECTS 

.( 

EVER since Magnavox introduced 
its "Odyssey" TV game for home 

use, the popularity of such items has 
been increasing. Coin -operated 
games simulating tennis and hockey 
now appear in shopping centers, air- 
ports, etc., and .are challenging con- 
ventional electro -mechanical pinball 
machines in popularity. 

Pongtronics, described here, lets 
you play conventional table tennis on 
TV, with the ball bouncing back and 
forth between two paddles and off 
either the top or bottom walls of the 
"court." You can also play "gravity 
pong," where the ball bounces in an 
arc simulating the influence of gravity, 
except that in this case it may even 
reverse gravity. Finally, you can play 
handball, which converts one paddle 

APRIL 1976 

BUILD 

PONGTRONICS 
LOW-COST VIDEO GAME 

FOR TWO PLAYERS-. 

CONVENTIONAL TABLE TENNIS - 
GRAVITY PONG 

HANDBALL 
MAN VS MACHINE 

into a full court wall on one side. 
The Pongtronics is also designed to 

let one player pit himself against the 
machine or even have the machine 
play against itself. In the latter case, 
you can set the system up so that one 
paddle has the advantage over the 
other. The machine -play feature re- 
quires the addition of a single switch 
and a couple of resistors. 

Automatic "English" can be put on 
the ball. How much English depends 
on which portion of the paddle strikes 
the ball. If the ball strikes the upper 
portion of the paddle, it rebounds up- 
ward, and vice versa. Hit the ball with 
the center of the paddle, and it re- 
bounds off in a direction perpendicu- 
lar to the paddle's plane. 

The speed of the ball can be con- 
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trolled over a relatively wide range 
from rather slow to quite fast. You can 
even try to catch your opponent off 
guard by operating a SLAM pushbut- 
ton, to speed up the ball. 

In a future issue, we will describe 
how to add an optional scoring and 
sound -effects board to the basic 
Pongtrenics game. Provisions are al- 
ready on the board for this added as- 
sembly. (A kit of parts for the addition 
will be S33.00.) 

About the Circuit. The entire sche- 
matic diagram of the Pongtronics is 

shown in Figs. 1 through 4. 

Gates IC1A and IC1B form the hori- 
zontal sync generator whose on time 
is controlled by Cl, R2, and R3 and off 
time is controlled by Cl and R4 (D1 
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Fig. 1. Horizontal sync and ramp generator and associated comparators. 

shorts out R2 and R3 during this inter- 
val). The output from IC1B drives in- 
tegrator /C2A, which ramps up during 
the on time and resets during the off 
time. Diode D2 improves the fall time 
of the'integrator. 

The vertical pulse generator, made 
up of gates IC1C and IC1D and integ- 
rator IC2D, operates in exactly the 
same manner as the horizontal sync 
generator, except for the repetition 
rate and the fact that it generates both 
the vertical sync and vertical ramp. 

The horizontal ramp from the output 
of/C2A is coupled through C5, C6, and 
C7 to left paddle, right paddle, and ball 
horizontal position comparators 

VfE 
ooHo 
.1PÓÑ1, 

OLE 

1 
Il 

SLAM 

TO 
FIG 

3 ' 

IC6C, IC6D, and IC6A, respectively. By 
controlling the trip point of the com- 
parators with R16 and R17, the hori- 
zontal position of the right and left 
side of the court (paddles) are set on 
the TV screen. DifferentiatorsCl3/R29 
and C14/R30 set the horizontal width 
of the paddles, while differentiator 
C15/R31 determines the horizontal 
width of the ball. 

The vertical ramp from IC2D 
couples through C8 to C12 to the left 
and right paddles, top and bottom 
wall, and vertical ball position com- 
parators. Paddle controls R24 and R25 
set the trip points of the comparators 
to position the paddles vertically on 

SERVE 
.. 

One way to assemble the controls and switches is in single chassis. 
36 

the screen.. Trimmer control R26 sets 
the vertical center reference position 
of the ball, R27 the vertical position of 
the top wall of the court, and R28 the 
vertical position of the bottom wall. 

Differentiator R32/C16 at the output 
of IC9A determines the vertical height 
of the left paddle; R33/C17 at the out- 
put of IC98 the vertical height of the 
right paddle; and R35/C19 and R361 
C20 at the outputs of IC9D and IC9C 
determine the thickness of the top and 
bottom walls. 

Gates IC7A, IC7C, and IC7D com- 
bine the vertical, and horizontal 
pulses for the paddles and balls. The 
top and bottom wall pulses and ball 
and paddle information aré summed 
in four -input gate /C8B to produce the 
object video signal. The horizontal 
and vertical sync pulses are summed 
in Q1, while Q2 accepts the 'object 
video signal. Resistors in the Q2 cir- 
cuit maintain the black level at about 
30%. 

The composite video/sync signal is 
generated across 75 -ohm load resis- 
tor R55. The signal can then be ac 
coupled into the video amplifier of a 
TV receiver, or it can be used to mod- 
ulate an FCC -certified class -1 device 
for r -f operation into the antenna input 
of the receiver, on an unúsed channel. 

The left -to -right and right -to -left 
horizontal movement of the ball is 
controlled by position integrator 
IC2B, which in turn is driven by hori- 
zontal ball control flip-flop IC4B. This 
flip-flop sets and resets each time the 
ball strikes a paddle. The ball/paddle 
coincidence signal causes the Q out- 
put to change states and IC2B to start 
ramping in the opposite direction. 
Since the output of IC2B connects to 
ball horizontal position comparator 
IC6A, the horizontal motion of the ball 
reverses. The horizontal speed of the 
ball is controlled by R37, R38; and 
R39. SLAM pushbuttons S2 and S3 can 
momentarily short out R38 and R39 to 
increase the ball's speed. 

The vertical angle and position of 
the ball are controlled by differential 
integrator' IC2C, analog sample -and - 
hold circuit IC12A, the transmission 
gates in analog switch /C5, and 
bounce flip-flop IC4A. The rebound 
angle can be controlled by varying the 
rate at which the vertical integrator 
charges. With the horizontal rate of 
the ball a constant, any change in the 
vertical rate will change the angle of 
the ball. 

Operation begins when the circuit 
produces a pulse at the exact moment 
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+V 

IOOK 
L.PADOLE 

R25 
100K 

R. PADDLE 

+V-- 821 

50K 
IM 

BALL CENTER 

RI8 
IOOK 

+V 

R22 

50K 
TOA WALL 

R23 
M 

r--aNY 

"R28 
508 - 

BOTTOM - 
WALL 

d 

C8 
yF 

CIO 5 
.IyF 

C12 
.IyF 

the ball hits the paddle (IC1OC). The hit 
pulse sets change -angle RS flip-flop 
IC12C and IC12D, causing electronic 
switch IC5D to close. At the same in- 
stant, IC5A is momentarily closed by 
differentiator C21/R45 to zero the 
charge on integrator 1C12A, which 
then begins to charge. 

When the vertical scan detects the 
bottom of the paddle, NAND gates 
IC11A, IC11B, and IC11C reset 
change -angle flip-flop IC12C/IC12D to 
open the IC5D electronic switch. In- 
tegrator IC12A stops charging and 
holds its output voltage. (Only a CMOS 
device.could be used as a gate ele- 
ment and sample -and -hold integ- 
rator.) The voltage now at the output 
of the sampling integrator represents 
where the ball hit vertically on the 
paddle. This voltage is then used to set 
the charge rate of vertical ball position 
integrator IC2C. 

Differential integrator IC2C and 
analog switches IC5B and IC5C apply 
the angle -reference voltage held at the 
output of IC12A to the integrator in- 
puts. The states of IC5B and IC5C are, 
in turn, controlled by bounce flip-flop 
IC4A, which keeps track of the ball's 
direction. Exclusive -OR gate IC1OB 
applies the correct information to the 
IC4A D input so that, when a bounce 
from a wall occurs, the integrator 
changes its direction of charging in 
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PARTS LIST 
B I -9 -volt battery 
C1-820-pF, 5% silver mica capacitor 
C2-260-pF, 5% silver mica capacitor 
C3,C4,C8 through C 12,C 16,C 17,C29 

through C35,C37-0.1-µF. 10% Mylar 
capacitor 

C5.C6,C7,C 19.C20,C26,C36-0.01-µF, 
10% Mylar capacitor 

C13,C14,Cl5-100-pF, 5% silver mica 
capacitor 

C 18,C22 -0.02-µF, 10% Mylar capacitor 
C21 -0.012-11F, 10% Mylar capacitor 
C23.C38-3.3-9F, tantalum capacitor 
C24 -1.5-µF tantalum capacitor 
C25 -0.68-µF tantalum capacitor 
C27,C28-100-µF, 16 -volt electrolytic 

capacitor 
DI through D6 -1N4148 diode 
D7 -6.2 -volt. 400-mW zener diode 
ICl,IC6,IC9-34001 quad two -input NOR 

gate (Fairchild). Do not substitute. 
1C2-LM3900 quad op amp (National) 
IC3-4081 quad two -input AND gate 
IC4-4013 dual JK flip-flop 
IC5-4016 quad bilateral switch 
IC7.IC 12-4001 quad two -input NOR gate 
IC8-4002 dual four -input NOR gate 
IC10-4030 quad two -input XOR gate 
ICl 1-40111 quad two -input NAND gate 
QI.Q3-2N4401 transistor 
Q2-2N3638A transistor 
The following resistors are '/-watt, 5%: 
RI,R9,R18.R19,R38-100.000 ohms 
R3-33,000 ohms 
R4,R4I-22700 ohms 
R5,R47-47,00( ohms 
R6,R I0,R 12,R58-10.(00 ohms 
R7-220,000 ohms 
R 11-68.000 ohms 
RI3,R14,RI5.R20,R2I.R22,R23,R42- I 

megohm 
R29,R30,R31-12,000 ohms 
R32 through R36,R40,R43,R45.R63- 

22.000 ohms 
R37-270.000 ohms 
R46-I0 megohms 
R48,R53.R54,R59,R61.R62-15.000 ohms 

R49,R50-470.000 ohms 
RSI,R52-390.000 ohms 
R55-75 ohms 
R56-270 ohms 
R57-1000 ohms 
R60-100 ohms 
R64,R65-30.000 ohms 
R2, R8, R16, R17, R26. R27, R28, R44- 

50.000 -ohm. 1/4 -watt trimmer poten- 
tiometer 

R24,R25-100,000-ohm linear -taper 
potentiometer 

R39 -500,000 -ohm potentiometer 
SI-Three-pole, three -position rotary 

switch 
S2,S3,S4-Normally open spst pushbut- 

ton switch 
S5-Dpdt, center -off miniature toggle 

switch 
S6-Spst switch (part of R39) 
Misc.-Printed circuit hoard: IC sockets 

(12) or Molex Soldercons: control knobs 
(4): suitable case; coaxial cable; battery 
holder; machine hardware; hookup 
wire; solder: etc. 

Note: The following items are available 
from Cal Kit, P.O. Box 877, Sebastopol, 
CA 95472: 

No. TV -I plated epoxy -type pc board for 
$12.00 

No. TV -3 complete kit of game parts less 
battery, sound/score option, and case 
for S55.00 

No. TV -6 set of IC's for game for $15.50 
No. TV -8 set of sockets for game for $6.00 
No. TV -10 FCC type -approved r -f mod- 

ulator; write for details 
No. TV -II drilled and silk-screened case 

for $12.50 
All items postpaid and insured. Add $2.00 

for handling. No COD's. California res- 
idents, please add sales tax. 

Editor's Note: New 22" video monitor, 
with audio, available from GBC Closed 
Circuit TV Corp., 74 Fifth Ave., NY, NY 
10011 for $119.50. NY residents. add 
sales tax. 
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Fig. 3. Six gates operate on ball -paddle contact to reverse motion. 

step. The current angle voltage is 
compared with the instantaneous ver- 
tical position voltage by IC108. 

Bounce flip-flop IC4A is also con- 
trolled by the paddle and ball coinci- 

FIG 

dence circuits. A paddle/ball coinci- 
dence generates a hit pulse that resets 
IC4A, deflecting the ball upward when 
it hits the upper half of the paddle and 
downward when it hits the lower half. 
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The GRAVITY portion of S1 applies a 

small dc voltage to the integrator to 
cause the angle of the reference volt- 
age to decay as the ball moves across 
the screen. 

Initiating gate IC10A is used to get 
the vertical motióri of the ball in sync 
with the bounce flip-flop. It is also 
used to invert the ball video and put a 

vertical line on the screen for purpose 
of alignment. 

Without the scoring and sound cir- 
cuit, IC7B and IC12B simply debounce 
SERVE switch S4. When the scoring 
option is used, the link between the 
two gates is removed. The scoring cir- 
cuit then senses when the SERVE 

switch is operated and uses this in- 
formation to start a new game. After a 
brief period, determined by the time 
constant C26. and R62, it allows the 
game to start .by pulsing IC128 and 
clocking the horizontal flip-flop. 

As shown in Fig. 5, power is 
supplied to the circuit by a single 
9 -volt battery through a series reg- 
ulator made up of Q3 and D7 and de - 
coupled by C28. Capacitors C29 
through C33 decouple the CMOS IC's 
connected to the 5.5 -volt line. 

Also shown in Fig. 5 is CYBERNETIC 
switch, S5, an option that might prove 
of interest to you. This is the switch 
that allows you to play against the 
machine or have the machine play 
against itsélf. 

GAME switch S1 allows you to select 
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Fig. .4. Circuit to determine "English" and change type of game. 
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Fig. 5. Circuits for 
battery power supply (A); 

optional "cybernetic" 
switch (B); and wiring 

for game switch (C). 

Fig. IA. Actual -size etching 
and drilling guide for pc 
board. Component layout guide 
is on nest page, with vi ring 
table for connections 
to numbemed pads. 
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the game you want to play. In the PONG 

position, the Pongtronics operates as 
a conventional TV table tennis game. 
In the GRAVITY position, IC12A is re- 

configured, while in the HANDBALL 

position, C17 is shorted out to extend 
the right paddle's vertical height to the 
top and bottom of the screen. Also, the 
"hit" information is overridden by 
grounding one input to IC1OC. The 
right paddle becomes a wall that de- 
flects the ball according to where the 
ball strikes it. 

Construction. Because of the 
number of IC's used and the complex- 
ity of the associated wiring, a printed - 

circuit board is highly recommended 
for assembling the Pongtronics. If you 
plan to make your own pc board, you 
can use the actual -size etching and 
drilling guide shown in Fig. 6. Once 
the board is prepared, you can mount 
the components on it as shown. Note 
that all components, including PADDLE 

potentiometers, SERVE pushbuttons, 
GAME select switch, and BALL SPEED 

control can be mounted directly on 
the board. Alternatively, these con- 
trols can be mounted separately and 
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R62 -4 - 

IC 

ICI 

WIRING TABLE 

S4 
29 R39,S2,S3 55 S4 GND 
30 SR (link) 56 S2 & S3 
31 R25, +V side 57 S1 lug 5 
32 R25 wiper 

7.1 R48-)` 
-R47- 

-C32- 

From To From To 
1 2 33 SL (link) 
3 4 34 R24, +V side 
5 S1 lug 8 35 R24 wiper 
6 7 36 R24,R25 GND 
8 9 37 38 

10 11 39 SS (link) 
12 S1 lugs 6,7 40 41 

13 14 42 S4 (serve) 
15 16 43 S1 lug 2 
17 18 44 S1 lug 4 

19 20 45 B1- 
21 22 46 S6 (on R39) 
23 24 47 48 
25 51 lug 12 49 50 
26 51 lug.9 51 52 
27 S2 & S3 53 Video output 
28 R39 54 S5 

Note: Pads on the board with letter legends 
are for optional scoring/sound board. 

connected to the board with cables. 
Circled numbers in the schematic 

represent numbered pads on the foil 
side of the board. Interconnections for 
these points are detailed in the table 
that accompanies Fig. 6. (The small 
squares containing letters in the 
schematic are the points in the circuit 
to which the optional scoring and 
sound -effects board connect.) 

To make insertion and removal 
easier, you can mount the IC's in the 
circuit with sockets. All controls and 
switches (except S5) can mount di- 
rectly on the board. You'll have to drill 
suitable holes to accommodate the 
controls and mount them from the foil 
side of the board. Don't forget to 
mount the jumpers and three "links" 
(marked L) wires on the board. The 
three link wires will be removed if and 
when you install the optional scoring 
and sound -effects subassembly. 

Use the Wiring Table and Fig. 7 to 
install the various interconnects. Then 
install the 9 -volt battery in a holder 
secured to the foil side of the printed 
circuit board. 

SLAM 
(52) 

-MAN VS 
MACHINE 

Adjustments. There are two ways to 
have the Pongtronics fed to your TV' 
receiver. One is an ac connection to 
the receiver's video amplifier input, 
the other is to use an FCC type - 
approved r -f modulator that permits 
you to feed the game into the antenna 
input of your receiver and operate on 
an unused channel in your area. If you 
elect video feed, you can install a 

switch that lets you select between 
normal TV operation from the receiv- 
er's video detector or game operation 

SLAM 
(53) 

CENTER OFF (7. 
SWITCH 

SI 
GAME 

SWITCH 

REAR VIEW 

' Fig. 7. Control and switcl 
wiring to the main pc board. 
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through a chassis -mounted connec- 
tor for the Pongtronics' output. 

Assuming your receiver's horizontal 
and vertical controls have been set for 
a stable picture, connect the 
Pongtronics to the receiver through 
the desired input. Turn on the power 
to the receiver and Pongtronics, in the 
latter case rotating the BALL SPEED 

control clockwise. If you notice that 
the picture is rolling, adjust trimmer 
potentiometer R8 until the frame 
locks. If you notice horizontal "tear- 
ing," adjust R2 for stable horizontal 
lock. You can now adjust the receiv- 
er's BRIGHTNESS and.,cóNTRAST con- 
trols for a sharp picture with a black or 
dark gray background and white pad- 
dles, ball, and court walls. 

Adjust trimmer potentiometer R27 
until the upper wall of the court is 

about 1" (2.54 cm) from the top of the 
screen. Then adjust R28 so that the 

bottom wall is the same distance away 
from the bottom of the'screen. Adjust 
R16 to set the left paddle about 1"from 
the left side of the screen and R17 to 
position the right paddle. One or both 
paddles may initially be off the screen, 
so you may have to start your paddle 
adjustments by first getting the pad- 
dles onscreen. 

Hold down the SERVE button. A ver- 
tical white line with a small "hole" in 
the middle should appear on the 
screen. This hole corresponds to the 
ball. The line will rebound back and 
forth between the paddles. Adjust R26 
to center the hole on the screen. 

The angle of rebound between ball 
and paddle is controlled by R44. Ad- 
just this trimmer potentiometer until 
the ball rebounds in a straight line 
across the screen when the ball hits 
the center of the paddle. A simple way 
to do this is to temporarily bring the 

two paddles close together and nar- 
rowing the court to form a small rec- 
tangle with the paddles. When the 
ball its trapped inside the rectangle, 
R44 is properly adjusted. Return the 
paddles and walls to their propér posi- 
tions. 

The Pongtronics is now ready to 
use. Bear in mind that each time you 
turn on the game it may be necessary 
to touch up your receiver's horizontal 
and vertical controls as the agc circuit 
locks up in the wrong direction. 
Momentarily changing channels may 
also break the sync lock. You can also 
hold down the SERVE button toyinitiate 
the game and allow the Pongtronics' 
flip-flops to get into synchronization. 

After operating the SERVE button, 
you may have to wait for up to five 
seconds, depending on the setting of 
the BALL SPEED control, for the ball to 
appear on the screen. 

BY JOSEPH A. WEISBECKER 

a 

Popular among people who use 
computers is a "war" game in 

which space ships are positioned on 
the screen of a computer terminal and 
simulated missiles or laser beams are 
fired at them by the opponent. Since 
most people don't have access to a 

computer for such games, the simple 
version described here has been de- 
vised to be used with any TV set. 

SPACE -WAR 

GAME 
EACH PLAYER USES A 
"SPACE SHIP" TO FIRE 

"MISSILES" AT 
THE OPPONENT 

CD 9 
Signals are generated to produce 

two space ships (small white squares), 
one on each side of the screen. Each 
player can move his ship up or down 
by means of a single control. When 
one player thinks he is within range, 
he operates a pushbutton switch to 
make it appear that a "laser beam" is 

being fired from his ship to the oppo- 
nent's. If he scores a hit, the Oppo- 

nent's ship disappears from the 
screen and the game is over. It can be 
restarted by the operation of a reset 
switch. 

However, once a player has fired his 
laser (and it can only be fired in a 

single burst), it takes several seconds 
for it to be "recharged." During this 
period of time, his ship is helpless 
against the opponent and all he can do 
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is try to keep out of the line of fire. 
Also, during this period, the ship of the 
player who fired is flashing on and off. 
When the flashing stops, his laser is 
recharged and ready to fire again. This 
feature discourages continuous firing 
and encourages the use of caution 
and strategy. 

The block diagram (Fig. 1) shows 
how the system operates. Note that 
the output is a composite of sync and 
video signals. It can be applied directly 
to the video amplifier of a TV receiver 
or, through an FCC type -approved r -f 
device, to the TV receiver's antenna 
input using a locally unoccupied 
channel. 

Circuit Operation. The sync and 
horizontal timing circuit is shown in 
Fig. 2. Basic timing is performed by 
two inverters in ICI, which is wired as 
.an oscillator operating at a nominal 
122.88 -kHz frequency. Resistor R1 in - 

R24 

VIDEO VIDEO SUMMER OUTPUT 
01 

Fig. 1. Logic 
diagraln shows how 
various stages 
are connected. 

creases the stability of the circuit, 
while Cl and the combination of R2 
and R24 are used to adjust the fre- 
quency. The output is a square wave 
with a period of 8.14 microseconds. 

This signal drives a 14 -stage binary 
counter formed by IC2 and 1C3. 

Diodes Di, D2, and D3 decode the 000 
output of IC2 to form an 8.14-µs pulse 
occuring 16.28 is after the beginning 
of each horizontal syhc pulse. This 
pulse, if applied alone to the receiver, 
would produce a vertical bar on the 
left side of the screen. Diodes D7, 08, 
and D9 decode the 110 output to pro- 
vide an 8.14-µs pulse 48.8 µs after the 
horizontal sync pulse. This pulse 
alone would produce a vertical bar on 
the right side of the screen. 

The differentiator formed by C2 and 
R6 provides a negative -going vertical 
sync pulse 60 times per second. This 
pulse in about 2 milliseconds with the 
component values shown. 

+.:C2 
33K''05HF 

V SYNCI H SYNC 03 

11® ISIOa 
11 

.. 

D 
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Fig. 2. Sync 
pulses and 
timing are 
generated by 
this circuit. 

PARTS LIST - 

BI,B2-9-volt battery - 

CI-100-pF polystyrene capacitor 
C2,C 14,C 15-0.05-µF disc capacitor 
C3,C4-0.01-µF disc capacitor 
C5,C6-4.7-µF, 6-V electrolytic capacitor 
C7.C8-220-pF polystyrene capacitor 

C9,C11-10-µF, 60-V electrolytic 
capacitor 

C 10,C 16,C 17-1-µF, 100-V electrolytic 
capacitor 

C 12-1000-9F. 16-V electrolytic capacitor 
C13 -0.1-µF Rlylar capacitor 
DI to D9 -1N4148 diode 
ICI-4049 CMOShex inverter 
1C2,1C3-4024 CMOS 7 -bit counter 
IC4-40I2CMOS dual 4 -input NAND gate 
IC5,IC6-555 timer 
1C7.1C8-CMOS "triple 3-input'NAND 

gate 
IC9, C10-CMOS quad 2 -input NOR gate 
QI-2N5129 transistor 
The following'are 5%. r/ -watt resistors'un- 

less otherwise noted: 
RI.R7,R10,R14,R16-IO0,000 Ohms ' 

R2-15,000 ohms - 
R3,R4,R5,R21-47,000 ohms 
R6-33,000 ohms I 

R8,R I 1-3900 ohms 
R9.R 12 -250,000 -ohm potentiometer 
R 13,R 15-39.000 ohms 
R17-22,000 ohms 
R 18-10,000 ohms 
R 19-47 ohms 
R20-100 ohms 
R22,R23-10,000-ohm potentiometer 
R24 -5000 -ohm potentiometer 
SI-Spst slide switch 
S2 to S4-Spst normally, open pushbütton 

switch 
Misc.-Suitable chassis, extension cablé,' 

remote enclosure, knobs (2), battery 
holders, mounting hardware, etc. 

Note-The following is available from 
Southwest Technical Products, 219 W. 
Rhapsody. San Antonio, TX 78216: 
complete kit (SW -1) including chassis at 

' $39.50, postpaid. Texas residents, please 
add sales tax. 

The horizontal and vertical sync 
pulses are combined in one section of 
IC4, a dual 4 -input NAND gate. The 
composite positive -going sync is fed 
to the r -f circuit. 

In this circuit, 256 horizontal sync 
pulses occur for each vertical sync 
pulse. However, once the oscillator is 
adjusted (by R24) for a good TV verti- 
cal sync lock, the small deviation from 
conventional TV line rate is easily tol- 
erated by the receiver. 

The vertical position circuits (Fig. 3) 
use two 555 timers in 105 and IC6. 
Both are connected as monostable 
(one-shot) multivibrators and are 
triggered (pin 2) by the negative -going 
sync pulse from IC3. The duration of 
the output waveform is determined by 
the value of the RC network con- 
nected to pins 6 and 7. The width of the 
output pulse is determined by the 
amount of dc voltage applied to pin 5. 

For example, the width of the output 
pulse from pin 3 of IC5 is determined 
by the adjustment of R9. Since IC5 is 
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triggered by the vertical sync pulse, 
the rising edge of the output waveform 
coincides with the vertical sync pulse. 
Changing the value of R9 varies the 
time at which the trailing edge of the 
pin -3 waveform occurs relative to the 
sync pulse. Capacitor C3 and resistor. -- 
R7 provide a negative -going pulse 
from this trailing edge that can be 
positioned between the vertical sync 
pulses by R9. This signal alone would 
produce a horizontal line on the 
screen, moved up and down by R9. 

Similarly, /C6 and its associated 
components provide a horizontal line 
that can be moved by R12. 

Note that each timer control pin (5) 
is connected to ground through a 

large capacitance (C5 and C6). The 
charging and discharging of these 
capacitors produce a lag in the verti- 
cal movement of the displayed sig- 
nals. The lag is deliberately intro- 
duced to improve the playing of the 
game. 

The horizontal and vertical signals 
for each side of the screen are com- 
bined in the circuit shown in Figs. 3 

and 4. Figure 3 also includes the laser 
firing circuit. 

The horizontal pulse on line G is 
applied to pin 1 of IC7B. If laser switch 
S3 is not depressed, pin 13 of IC7C will 
be low, causing its pin 10 to be high. 
This forms the signal for pin 8 of IC7B. 
If the reset switch has been operated, 
the two flip-flops (IC9A, IC9B, IC10A, 
IC1OB) are in their reset states, provid- 
ing a low signal at pin 13 of IC9D. The 
vertical signal from pin 3 of IC5 is then 
inverted at pin 11 of IC9D and pin 2 of 
IC7B. Thus, the negative -going pulse 
at pin 9 of IC7B represents the inter- 
section of the horizontal and vertical 
pulses and part of the video output of 
IC4A. The video output produces a 

small white rectangle on the left side 
of the screen for one of the space 
ships. The right-hand space ship is 
generated in a similar manner using 
the other gates. 

When laser switch S3 is depressed, 
a high level is applied to pin 13 of 
/C7C. A positive pulse is also applied 
to pin 3 of IC7A. The duration of this 
pulse is determined by the values of 
C16 and R14. The pulse gates the in- 
verted vertical signal at pin 4 of IC7A to 
the video output. The vertical signal 
would normally form a line across the 
TV screen at the same position as the 
left space ship. The line appears dot- 
ted because of the 8.14-µs square 
wave on pin 5 of IC7A and it forms the 
"laser beam" fired by that space ship. 
APRIL 1976 
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TO FIG 4 

Fig. .3. One 555 timer is used for each 
spaceship. Though both are synced to the 
same vertical pulse, each has its own 
independent vertical position potentiometer. 
The high capacitance a+ each pin 5 makes 
vertical positioning "soft" to keep players 
on their toes. This circuit also produces 
"laser" effect and determines "helpless" time. 

FROM FIG 3 

I H K L M N P II 
I Fig. 4. Each set -reset 

.flip-flop locks out the 
other space ship when it 
is "Ivit" by opposing laser. 
Power supply circuit 
is also shown here. 
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The position of the right space ship 
is represented by pulses at pin 9 of 
IC8B. A pulse at pin 10 of IC9C indi- 
cates a coincidence of the left laser 
beam and the right space ship. This is 

a "hit" pulse which sets the IC9A-IC9B 
flip-flop to cause pin 13 of IC10D to go 
high. This turns off /C8A and IC8B, 
causing the ship to disappear from the 
screen. If coincidence between pin 6 

of IC7A and pin 9 of /C8A does not 
occur while the pulse at pin 3 of IC7A 
is present, the left ship did not hit the 
right one and the game continues. 

When laser switch S3 is depressed, 
only one laser pulse occurs at pin 3 of 
IC7A due to the action of C16 and R14. 
However, pin 13 of IC7C remains high 
as long as S3 is depressed. This 
causes the signal at pin 9 of IC7B to be 

modulated by the square -wave input 
and the space ship flashes on and off 
at about 8 times per second as long as 

pin 13 of IC7C is at a high level. 
When S3 is released, pin 13 of IC7C 

remains high until C9 discharges 
through R13 to about half of the sup- 
ply voltage. This time constant holds 
pin 13 of IC7C high for several sec- 
onds after the laser pushbutton has 
been released. Pin 13 of /C7C must be 
low before S3 is operated to provide a 

sufficient voltage swing to generate a 

laser pulse at pin 3 of IC7A. The time 
constant of C9/R13 keeps the space 
ship flashing for a few seconds and 
also inhibits firing again for the same 
period of time. The values of C9 and 
R13 can be changed if desired. 

Fig. 5. Actual -size etching and 
drilling guide is at right. 
Component layout guide is below. 
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Photo shows main control box with two 
control stations as arranged for the prototype. 

The logic circuit for the other space 
ship is similar. 

The reset circuit and the power sup- 
ply are shown in Fig. 4. Note the use of 
filter capacitors to smooth switching 
transients. Transistor Q1 sums both 
the video and sync and presents a 

o 

SPACE WAR P 

low -impedance composite video sig- 
nal for use by the video amplifier of the 
TV receiver or an FCC -approved 
class -1 device. 

Construction. The circuit is easily 
assembled on a pc board such as that 

O 
44 POPULAR ELECTRONICS 



shown in Fig. 5 (which also shows 
component installation). Position 
controls and laser firing switches can 
be mounted in separate small enclo- 
sures with cables connecting them to 
the main board. The latter (including 
battery holders) is mounted in its own 
enclosure. The power switch (S1) and 
reset switch (S2) should be on the 
front panel. The composite video/sync 
signal should be brought out through 
a phono connector. 

Testing. Check all wiring before turn- 
ing on the power. Connect the game to 
the set's video amplifier. Turn on the 
space game (S1) and operate the reset 
switch (S2). Adjust R24 (Fig. 2) for 
proper vertical sync. If necessary, trim 
R2 for a stable vertical sync. 

If the system is working properly, 
you will see two white squares (the 
space ships) on the edges of the 
screen. Turn up the contrast and turn 
down the brightness until the squares 
are clear white on a black 
background. 

You should be able to move the 
space ships up and down using the 
appropriate controls. The width of the 
space ships can be altered by chang- 
ing the values of C7 and C8 (Fig. 2). 
Their heights are determined by R7 
and R10 (Fig. 3). The larger the space- 
ship, the easier the game is to play. 
About 8to 10 TV lines is a good height. 

Adjust both position potentiometers 
until the spaceships are at the lowest 
point on the screen. If they are not 
even, determine which is higher, and 
adjust the appropriate potentiometer 
(R22 or R23) to get them even. Then 
position both at the top of the screen. 
If they are not even, adjust R8 or R11. 

Depress laser switch S3 to check the 
firing. A streak of white dots should 
extend from the left ship to the other 
side of the screen. If the right ship is 
hit, it should disappear. Check the 
other side in a similar manner. If the 
firing or recover times differ appreci- 
ably from one side to the other, adjust 
R13 and R14 or R15 and R16. Q 

Editor's Note-The Magnavox Com- 
pany, 1700 Magnavox Way, Fort 
Wayne, IN 46804, has exclusive 
worldwide rights to certain patents 
pertaining to electronic television 
games such as the ones described in 
this article. Magnavox has indicated 
that any making, using or selling of 
such electronic TV games may come 
within the purview of these patents and 
the U.S. patent laws. 

Adaptability-Use in design, 
packaging, inspection, OC, etc. 
Works with most types of circuits 
in many, many applications. 

Expandability- Proto-Board 
units can be instantly inter- 
connected for greater capacity. !, 

Utility-Models are available 
with or without built-in 
regulated power supplies 
(fixed or adjustable). 

Variety-A wide variety 
of models are 
available with 
capacities ranging from 
630 to 3060 solderless 
tie -points (6 to 3214 -pin ' 
DI P's), to fit every technical 
and budget requirement. 

IF YOU'RE 
NOT DESIGNING 

ITH ACSC 
PROTO-BOARD®' 

LOOK AT ALL 
YOU'RE MISSING. 

Versatility-Use with virtually all 
types of parts. including resistors. 
capacitors, transistors. DIP's, 
TO -5's, LED's, transformers, 
relays, pots, etc. Most plug in 
directly, in seconds. Accessibility-All parts are 

Instantly and easily accessible, for. 
1- quick signal tracing, circuit +w modifications, etc. 

"Ib 
I. o ?O 

á 

Speed-Assemble, test and 
modify circuits as fast as you can 
push in or pull out a lead. Save 
hours on every project. 

Durability-All 
Proto-Board models 
are carefully 
constructed of 
premium materials, 
designed and tested 
tor long, trouble - 
free service. 

Economy-Eliminate heat 
and mechanical damage to 
expensive parts. Save money 
by re -using components. 

Visibility-All parts are Instantly 
and easily visible, for quick circuit 
analysis and diagramming. 

Flexibility-Use independently, 
or in conjunction with other 
accessories, such as scopes, 
counters, CSC Proto-Clip' 
connectors, Design Mate' test 
equipment. etc. One Proto-Board 
unit can serve a thousand 
applications. 

Whatever type of electronic circuits you work with, you can do more in less time 
with CSC's solderless Proto-Board"" systems. As fast and easy as pushing in or 

pulling out a lead, you can design, test and modify circuits at will. Components plug 
into rugged 5 -point terminals, and jumpers, where needed, are lengths of #22 

AWG solid wire. In the same time you took to read this ad. you could be well on your 
way to assembling a new circuit. For more information, see your CSC dealer, or 

write for our catalog and distributor list. 

CONTINENTAL SPECIALTIES CORPORATION 

EASY DOES IT 
44 Kendall Street, Box 1942 

New Haven, CT 06509 203-624-3103 TWX: 710-465-1227 
West Coast office: Box 7809, San Francisco. CA 

94119 415-421-8872 TWX: 910-372-7992 
Canada: Len Finkler Ltd., Ontario 

© 1976 Continental Specialties Corp. 
Prices and specifications subject to change without notice. 
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COMPUTERS and other digital 
equipment communicate in 

"languages" based on 1's and 0's that 
must be mastered if any meaningful 
communication between human and 
machine is to be accomplished. There 
are four number systems in common 
use in electronics today. For human - 
to -human communication, we use the 
0 through 9 "decimal," or base -10 
(n,,,), number system. The other three 
are the digital 1/0 -based systems, 
which include: binary (base -2, or n2), 

octal (base -8, or n8), and hexadecimal 
(base -16, or n16). 

Converting from one to any other 
numbering system is a relatively sim- 
ple matter. Let us review how these 
systems compare with each other and 
interact. 

The Binary System. The binary 
code is the basic digital machine 
numbering system. In essence, it is a 

simple 1/0 representation of the deci- 
mal system. Its great disadvantage, 
and the reason it is rarely used in 
computers, is that binary equivalents 
of decimal numbers become increas- 
ingly ponderous with each succeed- 
ing number 

To illustrate how to use the binary 
numbering system, let us convert 69,,,, 
230,0, 1976,,,, and 52801,,, to binary. 
(Note: It is important to use subscripts 
to identify the numbering system 
when more than one system appears 
in your notes. The numbering system 
subscripts are detailed above.) The 
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Introduction 
to 

COMPUTER 

The foundation for 
programming 
computers-binary, 
octal, hexadecimal, 

and BCD codes. 

BY R. T. ROBBINS 

four numbers we have selected at ran- 
dom will illustrate the drawback of the 
binary system. 

The binary system is a simple 1'0 

/.i 
, 

lll; l~' 1\\1\`llllllt 
: 

1`u11111111\\J\\I)`; 

format. Going from right to left, as 
each position is filled by a 1 and 
another 1 is added to it, the result is 0 

and a 1 is carried to the next place to 
the left. A table of binary equivalents 
for the decimal numbers 0 through 15 

would appear as follows: 
Decimal Binary 

0 0 

1 1 

2 10 

3 11 

4 100 
5 101 

6 110 
7 111 

8 1000 
9 1001 

10 1010 
11 1011 
12 1100 
13 1101 

14 1110 
15 1111 

Note the logical progression of the 
numbers in binary and the increasing 
number of digits used as you count up. 
Note also that the points at which you 
add digits to the left occur at the 
power -of -two (2") points -2,4,8,16,32, 
etc. And one final note: 0 is always 
considered a number possibility in all 
digital machine languages. 

Now we can make some step-by- 
step conversions. The first step is to 
list across the page the decimal equi- 
valent of each power of two that will be 
required for making the conversion, 
as shown in Fig. 1. Each location will 
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1 0 0 0 1 0 
T 

5- 4= 1 i I 

T 
1 - 1 = l 

230 - 128 = 102 1 1 1 0 0 1 1 0 

102 - 64 T = 38 

38- =6 
6 - 4 = 2 

Y 

2 - 2 = 
T 

197.6 - 1024 = 952 1 

T 

952 - 512 = 440 

440 - 256 = 184 T 
184 - 128 = 56 -T- 

56 - 32 = 24 

1- 

I 

o 0 0 0 

24- 1T6=8 

8 - 8 = 0 T 

18201 - 32768 = 20033 T 1 0 

20033 - 16384 = 3649 

3649 - 2048 = 1601 -r- 
1601 - 1024 = 577 

577 - 2:112 = 65 

65 - 64 = 1 T 
1 - 1 = 0 

T 

Fig. 1. Converting decimal 
numbers to equivalents 
in binary code. The 
final binary conversions 
are at the right. 

o 

be filled in with a 1 or a 0 (binary "bit"), 
depending on whether or not its value 
is used during computations. If the 
value is used, you enter a 1; otherwise, 
you enter a 0. (Leading 0's need not be 
entered.) 

Start your conversion by placing a 1 

under the largest decimal number that 
doesn't exceed the number you're 
converting. Next, subtract the number 
under which you placed a 1 from the 
number you're converting to deter- 
mine which is the next number under 
which you must place a 1. Always keep 
in mind that you must never have a 

negative result. Only positive results 
or 0 after subtraction are acceptable. If, 

you must skip numbers to enter a 1, fill 
in the blank spaces with 0's. Continue 

0 0 1 0 0 0 0 0 

6910 = 10001012 

23010 = 111001102 

197610 = 111101110002 

5280110 = 11001110010000012 

subtracting numbers until you've 
filled each column and your final re- 
sult equals exactly zero. If, after ob- 
taining a 0 result, you still have empty 
spaces to the right, fill in 0's. To 
double-check your conversion, simply 
add all the power -of -2 numbers under 
which you've entered 1's and check 
that the result is the decimal number 
with which you started. (Note: This is 
the procedure to use when converting 
any binary number back to its decimal 
equivalent.) 

The final conversions to binary for 
our sample decimal numbers are 
shown at the bottom of Fig: 1. Note 
how many more digits must be filled in 
as the numbers increase in mag- 
nitude. 

Once you understand the binary 
code, the octal and hexadecimal 
codes are much easier to understand 
and learn. 

The Octal Code. Much of the pon- 
derousness of the binary code can be 

eliminated by switching to the more 
efficient octal code. An octal number 
is only one-third as long as its binary 
equivalent. Once a number has been 
converted from decimal to binary, 
separate it into groups of three digits, 
working from right to left. 

In any group of three digits, the 
minimum will be 000 and the 
maximum will be 111. Now, to get the 
equivalent octal number, simply trans- 
late the three binary numbers back to 
decimal, which means the smallest 
number you will have will be 0 (000) 
and the largest will be4+2+1=7(111). 
Bearing in mind that 0 is always a 

number possibility, you now have a 

base -8 number system: 
Decimal Binary Octal 

0 0 0 

1 1 1 

2 10 2 

3 11 3 

4 100 4 

5 101 5 

6 110 6 

7 111 7 

8 1000 10 

9 1001 11 

10 1010 12 

11 1011 13 

12 1100 14 

13 1101 15 

14 1110 16 

15 1111 17 

When converting from binary to oc- 
tal, you may end up with only one or 
two digits in the left -end group. To 
handle this situation, simply assume 
that the missing digits are 0's. 

The octal equivalents of the sample 
decimal numbers chosen above are 
shown in Fig. 2. 

The Hexadecimal Code. Greatest 
efficiency is obtained when the 
hexadecimal code is used to format 
decimal numbers. Here, the binary 
number is separated into four -digit 
slices (right to left). Now, the max- 
imum number capable of representa- 
tion is 1111 ,, or 8+4+2+1=15,,,. 
You still count up from 0 in the 
usual decimal manner, but only to 9. 
This still leaves six numbers to fill in 
to reach the 16 maximum. However, 
you cannot enter 10 as the next num- 
ber oecause that is the first numeral 
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Instruments, 
Burglar Alarms, 
Automotive & 
Hobby 
Electronics! 
The more you know about 
electronics, the more you'll 
appreciate EICO. We have a wide 
range of products for you to 
choose from, each designed to 
provide you with the most 
pleasure and quality performance 
for your money. The fact that 
more than 3 million EICO products 
are in use attests to their quality 
and performance. 

"Build -it -Yourself" and save 
up to 50% with our famous 
electronic kits. 

For latest EICO Catalog on Test 
Instruments, Automotive and Hobby 
Electronics, Eicocraft Project kits, 
Burglar -Fire Alarm Systems and name 
of nearest EICO Distributor, check reader 
service card or send 500 for fast first 
class mail service. 

EICO-283 Malta Street, 
Brooklyn, N.Y. 11207 - 

Leculership in creative electronics 
since 1945. 
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in the second hexadecimal set. So, 
you continue counting with alpha- 
betic letters from A to F: 

Decimal Binary Octal 
Hex a - 

decimal 
0 0 0 0 

1 1 1 1 

2 10 2 2 

3 11 3 3 
4 100 4 4 
5 101 5 5 

6 110 6 6 
7 111 7 7 

8 1000 10 8 
9 1001 11 9 

10 1010 12 A 
11. 1011 13 B 
12 1100 14 C 
13 1101 15 D 
14 1110 16 E 

15 1111 17 F 
The conversion to hexadecimal 

code from decimal requires that you 
first convert your decimal number to 
binary. Then break the binary number 
into groups of four digits. Each four - 
digit binary group is then assigned a 
hexadecimal equivalent. The conver- 
sions for our sample decimal numbers 
are derived as shown in Fig. 3. , 

When converting hexadecimal back 
to a decimal number, first convert the 
hex number into binary and then the 
binary into the decimal number. 

Binary Coded Decimal. This cod- 
ing system, also commonly known by 
its initials BCD, is the easiest to obtain 
from a decimal number. Instead of 
considering the decimal number as a 
whole, treat each digit in the number 
as a separate entity when converting 
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Fig. 2. Octal equivalents 
of four decimal nur'bers. 
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Fig. .3. Hexadecimal 
conversions firsample 
decimal numbers. 

to BCD. Each digit must be assigned a 
four -bit, strictly binary number. The 
reason for assigning a four -bit number 
is that decimal covers a range of 10 
numbers (0 through 9). Therefore, the 
lowest number you can have will be 
0000 and the highest 1001, which rep- 
resent 0 and 9, respectively. 

The BCD equivalents for our sample 
decimal numbers are as follows: 
Decimal BCD 

69 0110 1001 
230 0010 0011 0000 

1976 0001 1001 0111 0110 
52801 0101 0010 1000 0000 0001 

Note that when a BCD number is writ- 
ten, an obvious space must be left be- 
tween each four -bit binary slice for 
identification purposes. BCD is the 
only numbering system that should 
have such spaces. Therefore, It 
doesn't need a subscript, except in the 
special case where only a single deci- 
mal digit is to be converted, in which 
case you can use a BCD subscript. 

Summing Up. We have discussed 
four basic numbering systems used in 
digital equipment. Of these, hexadec- 
imal is the most efficient but has the 
disadvantage of requiring both num- 
eral and alphabet symbols. Slightly 
less efficient, the octal system has the 
advantage of employing only easy - 
to -understand decimal numbers. The 
least efficient numbering systems are 
binary and BCD. BCD is by far the least 
efficient numbering system, requiring 
five times the number of spaces (in- 
cluding the required blank space) of 
its equivalent decimal number. 4 
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eciai Focus o 
MORE and more people are turning to Citizens 

Band Radio to, satisfy their two-way radio 
communication needS1 They might be motivated by` a 
desire to have an emergency line in -an automobile, 
check on traffic conditions by liltening to trucker's 
¿onversations (now mostly on Channel 19 rather than 
Channel 10), participate in pUbliC service activities, 
develop new friends, enjoy general conversations 
When alone -in the home, contact the business office 
while driving, and so on. 

Coupled with the no -test requirement and relatively 
low equipment cost, WI not surprising that the growth e CB Radio (Class D) has been astonishingly great. 
As an example, the last report reeeived from the FCC 
indicated that almost 3-00,000 new CB license applica- 
tions were received in the month of November 1975! 
AM the FCC projects that th,ere will be about 1,5- 
hitlion CB'ers in the U.S.A. by 1979. 

This certainly has bien a good yearfor CB. Operat- 
ing restrictions were relaxed (including removal Of 
the "hobby"- prohibitián), license fees were reduced 
from $20 -to $4 for fit4 years, and interstation chan- 

5e = APRIL 1976 - 

\ 

nels 'were increased, among other benefits. By rela.2-: 
ing CB rules, hoivevér, the FCC expects full com- 
pliance with present restrictions, which include use of 
one's Call Letters, transmission -time limits, no 
obscene language,letc.- ifs to every CB'érs advantage 
to press for compliance with the rules » Remember, 
what the FCC gives it can take away! - 

This special 16 -page insert examines a variety Of, 
CB areas: (1) Base -station CB antennas, which can 
significantly increase communication ,range, are 
given authoritative treatment. (2) A pidorialpresen- 
tation Shows how easy it really is to inStall a mobilel 
CB system. (3) A CB highway assistance program in: 
Washington, D.C: underlines the important public 
service performed- by Many .CB'ers. (4) An easy -to - 
build communication tinier simplifies complying 
with the new FCC ruling on communication time. (5) 
A glossary of CB equipment terms will enable buyers 
to -'understand specification and feature claims in 
product literature. (6j Finally, a' list of CB radio 
equiPnient and antenna nid)fufacturers end addresses 
for reference purposes: 
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How to Choose CB 
Base Station Antennas 
BY JOHN J. McVEIGH, Associate Editor 

AMAJOR concern of many CB'ers is extending their 
reliable communications range beyond, say, five 

miles or so. Since there is a 4 -watt r -f power output limit 
imposed by the FCC, the only way to extend the range 
legally is to do something about the antenna. Due to phys- 
ical limitations and other factors, not much can be gained 
by improving a mobile antenna. But it's a different story 
with base antennas. A dramatic jump in range can often be 
obtained by using the right antenna and mounting 
it properly. 

Bewildered by so many different antenna shapes and 
sizes, most CB'ers end up asking, "How can I choose the 
right base antenna without studying to become an an- 
tenna engineer?" To answer, let's,take a quick look at 
some antenna basics and consider the various types 
available. 

Antennas, whether mobile or base station models, are 
designed to perform two functions: (1) Accept r -f power 
from the transmitter section and radiate it into space. (2) 
Capture a portion of signals passing by and convert them 
into small voltages that are processed by the receiver 
section. But that's where similarities end! 

Antennas can be differentiated according to four basic 
characteristics: polarization, directivity, radiation angle, 
and feedpoint impedance. 

Polarization concerns the plane in which the electric 
field is set up by the antenna. (Radio waves have electric 
and magnetic fields at right angles to each other.) Most 
often, polarization of signals radiated by the antenna lies 
in the same plane as its active element(s), as shown in Fig. 
1. Therefore, a vertical antenna (such as a mobile whip) 
radiates vertically polarized signals, whereas an antenna 
element mounted at right angles to a vertical mast is 
horizontally polarized. 

Does the foregoing make a difference to a base station 
antenna buyer? Yes! If you anticipate communicating 
mainly with mobile units, it is best to have a vertically 
polarized base antenna since most mobile signals are 
vertically polarized. However, if you're primarily in- 
terested in a few fixed stations, get together with those 
operators and install horizontally polarized antennas at 
each location. Choosing a "horizontal" antenna will also 
bring a degree of noise immunity to the user since most 
electrical noise is vertically polarized. 

It's important to note that an antenna polarized in one 
plane can still pick up signals in the other. It just won't 
receive them as efficiently, resulting in poorer reception 
on weak signals. For example, a ground -wave signal (one 
travelling along the earth's surface) received by a cross - 
polarized antenna will generally be attenuated about 20 
dB (3.3 "S" units). Considering the low power levels in CB 
work -4 watts maximum-it's to your great advantage to 
have as efficient an antenna as possible. 
50 

Directivitiy. When an antenna performs better in one 
direction than another, it's said to be directive. One that 
works equally well in all directions is omnidirectional. 
Coupled with- an antenna's directivity is its gain, which 
shows how much more it favors one direction than 
another. 

Gain is usually expressed in dB, referenced to either an 
isotropic source (a theoretical antenna radiating equally 
well in all directions) or a dipole, which is a simple antenna 
radiating best at right angles to itself. A dipole has a gain 
of 2.1 dB compared to an isotropic source. When compar- 
ing antenna gain, be sure to know what the reference 
is-the same antenna will have a gain of 8 dB or 10.1 dB, 
based on a dipole and isotropic antenna, respectively. 
Sometimes "dBi" will be used to express gain over an 
isotropic reference antenna. 

It's easy to understand these concepts by looking at the 
polar diagram of an antenna. The response of an isotropic 
antenna is shown in Fig. 2A. The intensity of radiation is 
represented by the radius of a circle, since it is constant at 
all points around the antenna at a given distance. (Of 
course, the radiation gets weaker the farther away from 
the antenna you measure it.) A dipole has a response like 
that shown in Fig. 2B. Note that the maximum signal is 
radiated broadside to the antenna. Thus, it is moderately 
directive. 

A very directional antenna has a response like that in 
Fig. 2C. It "beams" its power toward one direction in a 

single major "lobe." Consequently, it can increase the 
apparent signal strength in the favored direction by as 
much as 10 dB or more. This is equivalent to radiating 40 
watts from your transceiver-legally! (10 dB represents a 

10 -fold increase in power. See the nomograph of Fig. 3.) 
The technical term for this apparent power level is effec- 
tive radiated power, or simply erp. 

Directional antennas are just as useful on receive as 
transmit. With them, you can reduce interference to a 

station in the desired area by boosting its strength. At the 
same time you'll be cutting down the strength of those 
from other directions. 

But you don't get something for nothing. What you gain 
in signal level in one direction is taken from other direc- 
tions. This means, in many cases, that, if you want a 

stron,©er signal in more than one direction, you must phys- 
ically rotate the antenna to aim it the right way. Although 
this can be done with an electric motor (a rotator), it does 
boost the cost of the antenna system. 

Radiation Angle describes how the signal "takes off" 
from the antenna. If the radiation angle is near zero, most 
of the signal runs parallel to the earth's surface as a 

"ground wave." This is most desirable. As the radiation 
angle increases, more and more of the radiated signal is 
sent up into the "blue." Although these signals are some - 
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Fig. 1. Vertical polarization (left) and horizontal (right). 
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Fig. 2. Polar diagrams for 
antennas: (A) isotropic; 
(B) dipole; (C) beam. 
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Fig. 4. Three simple antennas: (A) horizontal 
dipole; (B) vertical (coaxial) 
dipole; (C) ground plane. 
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times reflected back to earth many hundreds or 
thousands of miles away ("skip" signals), they are not the 
basis of good CB communications. Apart from legal con- 
siderations (the FCC limits CB communication range to 
150 miles), "skip" is a transient phenomenon at best. For 
reliable communications, most of the radiation should be 
ground wave. 

The radiation angle is as much a function of the antenna 
design as it is of the way the antenna is mounted. General- 
ly, the higher the antenna is placed above actual or artifi- 
cial ground, the lower the radiation angle becomes. As a 

rule, vertical antennas tend to have lower radiation angles 
than horizontal ones mounted at the same height. 

Feedpoint Impedance, expressed in ohms, is the 
amount of opposition the antenna exhibits to the flow of 
r -f current into it. But don't draw a common-sense conclu- 
sion from this that you'll want the minimum opposition 
possible, or 0 ohms. Without delving into theory, let's just 
say that all impedances of the communications system- 
the input impedance to the receiver, the output impe- 
dance of the transmitter, the "characteristic" impedance 
of the coaxial transmission line, and the feedpoint impe- 
dance of the antenna-should be equal. 

The common feedpoint impedance of CB antennas is 52 
ohms, and the same holds for the other impedances men- 
tioned. When one or more of these varies, part of the 
output of the transmitter is reflected back into it, and 
"standing waves" are set up. These represent lost signal 
power. (The same holds true for received signals entering 
the receiver.) 

The standing wave ratio (SWR) is an index of how well 
the antenna system is matched. When all impedances are 
equal, the SWR is one or "1:1" ("one to one"). It is ob- 
tained by forming the ratio of antenna impedance to feed - 
line impedance, or feedline impedance to transmitter out- 
put impedance, etc. So, if a 50 -ohm -output transmitter is 
connected through a 50 -ohm transmission line to a 100 - 
ohm antenna, the SWR is 2:1, which is commonly ac- 
cepted as the maximum tolerable SWR. 

Some antennas have matching or loading coils. These 
are used to convert the "actual" antenna impedance to 
the desired 52 ohms. Other things being equal, antennas 
with these coils will not perform as efficiently as those 
whose "actual" impedance is 52 ohms. Coils, even if they 
are wound from silver or gold wire, still introduce losses. 
Some of the r -f power applied to them simply heats the 
coil, rather than being radiated as useful signal power. 

Armed with these concepts, let's examine the common 
CB base station antenna designs from which you will have 
to choose. 
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90° 

Fig. 7. Half -power (-3-dB) points 
determine angular bandwidth 
of a directional antenna. 

270° 
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TO 
TRANSCEIVER 

OF E 
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Fig. 6. A dipole surrounded 
by "parasitic" elements 
becomes a Yagi beam, 
which can have high gain 
and good directivity. 

Simple Antennas. The two basic antennas that are used 
in communications are the dipole and ground plane. Di- 
poles are formed by splitting a piece of wire one-half 
wavelength (the distance a radio wave travels in 180° of 
one cycle), and feeding it with a transmission line. The 
antenna can be installed in either the horizontal (A) or 
vertical (B) plane, as shown in Fig. 4. The coaxial dipole is 

often used because it is vertically polarized. One half of 
the dipole is a rod or wire connected to the inner conduc- 
tor of the coaxial feedline. The other half is a piece of 
tubing tied to the outer conductor or "braid" of the coaxi- 
al line. Each element of the dipole is one -quarter 
wavelength ()\14) or about 9 feet. 

The ground plane (Fig. 4C) is a commonly used CB 
antenna, consisting of a vertical qua(ter-wavelength rod, 
and three or four "radials" of the same length (X/4). The 
result is an omnidirectional antenna with a fairly low radia- 
tion angle. Often, the radials will droop. This is done 'to 
raise the feedpoint impedance to the desired 52 ohms. If 

the radials were rigid, the impedance would be in the 
neighborhood of 30 ohms, and a mismatch would result. 

The advantages of these antennas include simplicity of 
construction (you can build your own) and ease of instal- 
lation. They also tend to last a long time in the face.of high 
winds. However, don't expect high gain or directionality. 

Omnidirectional Antennas with Gain. This class of 
antennas offers some gain over the simple types without 
sacrificing directivity. No, that's not a contradiction of 
what was said previously. (You don't get something for 
nothing.) The increased power is taken from signal com- 
ponents that would be radiated at higher angles. The polar 
diagrams shown in Fig. 2 are two-dimensional-but an- 
tennas radiate in three dimensions. So, the radiation pat - 
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Fig. 8. Adding elements to a Yagi increases directivity. 
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Fig. 9. A Yagi beam 
can be mounted for 

horizontal (A) or 
vertical (B) 

polarization. 

(B) 

Fig. 10. 4 -element Yagi 
- with dual polarization. 

Fig. 11. Typical 
2 -element 
Quad antenna. 
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tern of an isotropic source is really a sphere, a cross 
section of which was presented earlier. A dipole is sur- 
rounded by a doughnut -shaped field, which, in two di- 
mensions, looks like the figure -8 of Fig. 2B. 

When speaking of cmnidirectionality, we confine our- 
selves to low radiation angles. Consequently, if we com- 
press the isotropic's "balloon" or the dipole's 
"doughnut," we end up with greater field strength in the 
ground wave by adding thatiportion that would otherwise 
be wasted as sky -wave signal. This is usually done 
through capacitive loading (by means of a metallic "hat" 
or similar structure), extending element length (say, to 
51/8), or phasing effects between different antenna com- 
ponents. Realizable gain is generally on the order of 3 to 6 

dB over an isotropic source. Figure 5 shows typical an- 
tenna configurations that are all vertically polarized. 

There are a few antennas which can be used as omni- 
directionals with a certain amount of gain, or as direction- 
als with more gain. They rely on a control box to set 
phasing, which in turn governs directivity and gain. How- 
ever, their patterns can usually be focused in one of three 
or four directions. Maximum gain is about 8 dBi. 

Yagi Beams. This class of antenna has enjoyed great 
popularity among amateur, CB, and commercial radio 
operators. It has both directionality and gain due to phas- 
ing effects among its elements, which number two or 
more. 

A Yagi beam (Fig. 6) consists of a dipole, called the 
driven element, and one or more rods about the same 
length mounted on a common "boom" and spaced about 
1/10 away. These rods are called parasitic elements, since 
they are parasitically coupled to the driven element by 
electric fields. If an element is slightly longer than the 
driven element, it is called a reflector. In operation, it 
absorbs power coming toward it from the driven element 
and re -radiates it in the opposite direction. In other words, 
it reflects the signal back toward the driven element. If a 

parasitic element is slightly shorter than the driven ele- 
ment, it focuses or directs the signal into a narrower beam 
travelling in the direction from which it came. Such a 

parasitic element is called a director. 
A two -element beam generally consists of a driven ele- 

ment and a reflector. It has a gain of about 7.1 dBi in the 
direction away from the reflector. Adding a director yields 
an additional 3 dB, and narrows the beam width. The 
width of the signal "beam" is often referred to in the 
specifications as thehalf-power beam width, in degrees. It 
is measured by finding the points on the major lobe where 
the radiated signal power is exactly one-half (-3 dB) of the 
value at right angles to the antenna (Fig. 7). Then lines are 
drawn from these points on the polar diagram to the 
graph's origin and the angle formed is measured. The 
smaller this angle is, the more directional the antenna. 
The lengths of these. lines are proportional to signal 
strencths at those points. 

. Directionality and gain can be increased by adding. 
more parasitic elements (usually directors). Practical 
considerations generally limit the total to five elements. 
Gain increases are shown in the table, and the effects on 
beamwidth and radiation pattern are shown in Fig. 8. 

A typical three -element beam is shown in Fig. 9. When 
the beam is mounted at right angles to its vertical mast, as 
in (A), the antenna is horizontally polarized. When it is 

mounted as in (B), it is vertically polarized. 
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It is possible to mount two Yagi beams on the same 
"boom" to provide switchable polarization (Fig. 10). In 

this case, separate feed lines would have to be run down to 
the transceiver, with a coaxial switch to select the desired 
polarization. But it is also possible, through the use of a 

coaxial phasing harness, to feed both beams simulta- 
neously and radiate signals polarized in the two planes. 
Each beam accepts half of the total output power, which 
means that 3 dB of gain is lost in each plane. The advan- 
tage of this system is that both horizontally and vertically 

COMPARISON OF ANTENNA CHARACTERISTICS 

Type Gain Gain Radiation Polari- 
Over Over Angle zation 

Dipole Isotropic 
(dB) (dB) 

Isotropic -2.1 0 All All 

(theoretical) angles planes 

Ground plane -1.8 0.3 Low V 

X12 dipole 0 2.1 Vaires 
inversely 

with mount- 
ing height 

Same as 

mounting 
plane 

5T/8 vent. 1.2 3.3 Gen. low V 

Yagi Beam: Varies Same as 
2 -element 5.0 7.1 inversely mounting 
3 -element 8.0 10.1 with mount- plane 
4 -element 10.0 12.1 ing height 
5 -element 12.0 14.1 

Cubical Quad: Varies Determined 
2 -element 7.0 9.1 inversely by feed - 
3 -element 10.0 12.1 with mount- point (see 
4 -element 12.0 14.1 ing height Fig. 12) 

polarized signals will be received equally well. To calcu- 
late the gain for each plane, subtract 3 dB from the gain of 
the active antenna. Referring to the table, horizontal and 
vertical gains for the four -element beams is 9.1 dBi. 

Cubical Quads. This type of antenna made its debut in 
the late 1940's, and is very popular. It consists of a driven 
element and one or more parasitic elements, as does a 

Yagi beam. But the Quad's elements are wire loops, not 
metal rods. The driven element measures A14 on each side, 
with a total perimeter of one wavelength. 

Standing alone, a full -wave loop has a gain of about 2 

dB over a half -wave dipole. Placing a slighly larger loop 
near the driven one will produce reflective action, much 
like the reflector on a Yagi. Slightly smaller loops placed 
on the other side of the driven element act as directors. 
Adding a parasitic element near the driven element will 
produce about the same amount of gain obtained by add- 
ing one to a Yagi. However, since the driven element 
inherently has the 2 -dB advantage of a dipole (the Yagi's 
driven element), a Quad will have 2 dB more gain than a 

beam with the same number of elements. 
Quads have other advantages over beams. For a given 

antenna height, a Quad will have a lower angle of radiation 
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Fig. 12. Polarization of a Quad depends 
on feedpoint geometry. Diamond and square 
Quads can be horizontally polarized (A), 
vertically polarized (B), or both (C). 

Fig. 13. Stacking two beams in the same 
plane yields a .3 -dB increase in gain. 
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than a beam. Also, Quads are lighter than Yagis. A typical 
two -element Quad is shown in Fig. 11. The actual antenna 
consists merely of the two rectangular loops of wire. The 
rest of the structure is a supporting framework, made of 
bamboo, fiberglass, or light -weight metal tubing. (The 
latter two materials are more durable, and more expen- 
sive.) The Quad offers less wind resistance than a beam. 
This, combined with its lower weight, means that a 

lighter -duty rotator can be used with the Quad to aim it in 
the desired direction. For these reasons, many experi- 
enced operators prefer Quads to beams. 

As shown in Fig. 12, a Quad can be either a square or a 

diamond in shape. It will perform equally well in either 
configuration. Its polarization depends only on the feed - 
point (where the transmission line is attached to the an- 
tenna). By feeding the Quad as shown in Fig. 12A, horizon- 
tal polarization is obtained. Attaching the transmission 
line to the feedpoint (point X) as shown in Fig. 12B will 
result in vertical polarization. Switchable polarization is 

accomplished in much the same way as with Yagi's. Fig- 
ure 12C shows a driven element that is actually composed 
of two separate loops. One is vertically polarized, the 
other horizontally. A weatherproof relay mounted near the 
antenna selects the appropriate loop, and thus the polari- 
zation. Also, a special phasing harness can be used to 
feed both loops simultaneously, so that horizontally and 
vertically polarized signals are radiated. Gain in each 
plane is 3 dB tower, as we noted in the similar Yagi case. 

Stacking. Effective radiated power can be doubled (an 
additional3-dBgain) if directional antennas are "stacked." 
Figure 13 shows a "king-size" antenna system com- 
posed of two stacked 5 -element beams. (Note that both 

beams are vertically polarized.) A total gain of 17.1 dBi is 
obtained -14.1 dBi (the gain of a single 5 -element beam) 
plus 3 dB (for stacking) equals 17.1 dBi. That means the 
erp of this system, whet driven by 4 watts of r -f (neglecting 
feedline, losses), will be 205 legal watts! Such an installa- 
tion requires a lot of space, as well as tolerant family and 

. neighbors. 

Conclusion. As you can see, there are a myriad of base 
station antenna types from which to choose. They range in 
price from about $13 to $375, so anyone's pocketbook can 
be satisfied. Add to this the material costs for a mast, 
mounting accessories and cable. For a sophisticated in- 
stallation, you might want to include a rotator, a small 
tower, etc. 

Don't overlook legal restrictions when planning your 
base antenna system. If you live near an airport, -special 
limitations must be observed (see FCC part 95 Rules and 
Regulations). Also, an omnidirectional antenna cannot be 
higher than 60' above ground level or natural formation. 
Other regulations: on an existing antenna structure for 
a licensed transmitter in another service, an omni cannot 
exceed 60' above ground nor higher than the structure. 
Directionals cannot be more than 20' above ground or a 

building, or exceed the 20' point on an existing antenna 
structure. 

Local zoning ordinances should be checked for an- 
tenna height restrictions. Sometimes a lease or covenant 
prohibits outdoor antennas entirely. In the latter case, 
there are inexpensive, back -of -set, center -loaded anten- 
nas and so-called "apartment" 1/4 -wave antennas. How- 
ever, using these antennas won't get you the "reach" 
that's possible with outdoor types. 

It's Easy to Install a 

CB Mobile Transceiver 
BY STEPHEN R. DAVIS 

HILE it is true that many CB retailers do not have 
installation facilities, this should not deter anyone 

from enjoying the benefits of a mobile CB communicatior 
system. Installation-both from a technical and a cosmet- 
ic point of view-is simple. You can do it yourself. 

Assembly kits for transceivers, antennas, and external 
speakers contain easy -to -follow instructions. Only a few 
standard tools, already owned by most people, are 
needed. Usually, a screwdriver and a wrench or pliers will 
suffice. Sometimes a drill is needed, though even this is 

often not required. 

Before You Start. At this point, three notes of caution 
should be mentioned: (1) Do not attempt to operate your 
transceiver until the antenna is connected. (2) Don't oper- 
ate the system until you have checked out the antenna/ 

Parts and 
tools for 
do-it-yourself 
mobile CB 
installation. 
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Mounting transceiver under dash. 3 

transceiver impedance match with a Standing Wave Ratio 
(SWR) bridge. An SWR greater than 3:1 can damage the 
transceiver or greatly reduce output power and usable 
range. (3) Don't communicate with other operators or test 
the system on the air until you have received your CB 
license from the FCC. It is easily obtained, costs only $4, 
and the required application is packed in the transceiver's 
shipping carton. 

Installation Procedure. Start by laying out all the re- 
quired tools and hardware, as shown in Fig. 1. Choose the 
mounting location carefully (usually under the dash). Be 
sure the transceiver and the external speaker (if used) do 

6 Tightening down the antenna coil. 

¡' 13: ,,:«., 

l P l 

Attaching line to unused fuse terminal. 

not interfere with the safe operation of the vehicle or 
hamper leg movement. 

In many vehicles, you'll find mounting screws already in 
place under the dash. If so, they will accommodate the 
transceiver's mounting bracket. Obviously, it's easier to 
use them than to drill into the dash. (It might be necessary 
to redrill the bracket.) Mount the bracket and, if necessary, 
secure the microphone retaining clip to the transceiver 
case. Then, using protective washers, fasten the trans- 
ceiver to the mounting bracket (Fig. 2). 

Now you must connect the power cord to a +12 -volt tie 
point. The transceiver's power lead is only one wire; the 
antenna feedline serves as the ground. You may decide to 

7 Centering antenna on the trunk lid. 
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Transceiver and external speaker in place. 

use the auxiliary fuse on your vehicle's fuse block. If so, 
attach a female spade connector to the power lead and 
slip it onto the appropriate "hot" point (Fig. 3). You have a 

choice of wiring the transceiver so that it will be powered 
with or without having the ignition switch on. Therefore, 
check the electrical 'system's schematic for the right tie 
point. Some transceivers come with a self -stripping tap 
connector. With it, getting power to the rig requires only 
sliding the connector onto any hot lead and crimping it 
with pliers. 

Speaker Installation. Next, mount the external 
speaker, if one is to be used. Again, you'll probably find 

Pulling the cable from trunk into car. 

l 

5 Threading coax into antenna mounting bracket. 

usable screws in place under the dash-but be sure not to 
impair the use of the glove compartment door when posi- 
tioning the speaker. Mount the bracket, attach the 
speaker, and connect the speaker wire to the appropriate 
jack on the transceiver. Although.the power lead can be 
cut to the right length, you should not shorten the speaker 
lead. You might want to move the speaker at some future 
time, so simply coil up the excess cable and tape it up 
under the dash. At this point, the installation should look 
like Fig. 4. 

Antenna Installation. Here's where things get a little 
more complex. Using a trunk mount, the coaxial cable is 

Working coax under carpet retaining plate. 

r 
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IQ Slipping the coax behind the kick plate. 

fed into the trunk lip bracket and brought up through the 
cup (Fig. 5). Remove the vinyl outer jacket and foam inner 
insulator according to the dimensions given in the an- 
tenna assembly instructions. Then, slide on and secure 
the cable clamping assembly, mount the cable adaptor, 
.loading coil, spring, and whip adaptor, tightening each 
securely (Fig. 6). The antenna whip is secured with a set 
screw, but its height will probably have to be adjusted 
slightly to achieve a good impedance match.. 

Now you're ready to secure the trunk -lip -mounted an- 
tenna in place. It should be mounted at the center of the 
trunk lip (Fig. 7) for best all-round radiation. (Using this 
location makes running cable trickier than a front cowl 
position, but increased reception and transmission range 
make it worthwhile.) Two set screws hold the antenna 
base to the inside edge of the trunk lip. Tighten them, but 
be sure to save the alien wrench supplied for this purpose 
in the event you wish to remove the antenna and stow it in 

the trunk for security reasons. Apply silicone grease com- 
pound for protection against the elements. 

How do you get the antenna feedline from the trunk to 
the transceiver? Well, the easiest way is to simply poke a 

hole in the insulation behind the rear seat with a screw- 
driver. Then feed the cable through. Get into the car, 
shove your hands between the cushion and the back of 
the seat, locate the cable and pull it through. As shown in 
Fig. 8, you do not have to remove the rear seat -to do this. 

Next, work the cable down the side of the seat. Remove 
the carpet retaining plate and run the cable under it (Fig. 
9). Replace the plate, taking care to keep the cable away 
from the retaining screws. Pull out the kick panel and slip 
the coax behind it, feeding it up and under the dash (Fig. 
10). Finally, plug the cable's coaxial connector into the 
antenna jack on. the back of the transceiver. Under no 
circumstances should you trim the coax. It is "tuned" for 
the specific length to present a proper impedance. 

II 

Pr 

Ir 

Testing with a standing -wave meter. 

System Checkout. As noted before, you should not 
operate the transceiver before the antenna system is 

tested. This can be done with a directional wattmeter or an 
impedance bridge. If neither of these is available, a reflec- 
tometer or SWR bridge (Fig. 11) can be used. (Some 
transceivers have built-in SWR meters.) 

Key the microphone but don't talk. With the SWR bridge 
in the forward mode, set the sensitivity control so the 
meter pointer just reaches the full-scale calibration point. 
Then switch the bridge to the reflected mode. If the meter 
indicates an SWR of 2:1 or less, you're in good shape. A 

reading up to 3:1 is barely tolerable. If the SWR reads on 
the high side, try adjusting the length of the whip. If 

neither shortening or lengthening the whip improves mat- 
ters, check to see if the base of the antenna is properly 
grounded. If the antenna is properly installed, then 
perhaps the coax was inadvertently shorted. 

Remember that any time you remove the antenna, it 
must be replaced in exactly the same spot. Otherwise the 
SWR might rise and/or the antenna's radiation pattern 
become skewed. 

Conclusion. Figure on spending anywhere from 30 min- 
utes to two hours on the installation. If you're not handy 
or fearful of drilling a hole in your car, head for a skilled 
installer. It might cost $25, depending on the area and 
whether or not you purchased the equipment from a re- 
tailer who does installations. 

However, whether you have an installer nearby or not, 
this rundown has shown that the installation of a mobile 
CB unit in your car is really not too difficult. If you can't do 
it, surely you have a friend who can. 

Illustrated in this article is the installation of an E.F. 
Johnson Messenger 123A CB 23 -channel Transceiver, an 
AFSIKriket KC35 Voice Communications Speaker, and an 
Antenna Specialists Model 176 Mobile Antenna. 
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Your CB Bicentennial 

Highway Buddies 
BY JAMES B SWEENEY 

VSITORS to the Washington, D.C. area will welcome a 

new, local highway assistance service. Called the 
"Courtesy Highway Patrol," it consists of CB operators 
who formed a volunteer body to patrol the main vehicle 
traffic arteries around the nation's capital in order to as- 

sist motorists. 
The patrol deploys three pickup trucks, each equipped 

with CB Class -D transceivers. Trucks are painted bright 
orange, equipped with flashing lights, and labelled "Cour- 
tesy VA. Highway Patrol" in large black letters. Volunteers 
wear orange uniforms and white hardhats. Truck teams 
(two CB'er volunteers).carry battery jumper cables, minor 
repair tools, first -aid kits, selected auto spare parts, extra 
gasoline and diesel fuel, and even lollipops for restless 
children. And all service and parts are free! 

This CB service concept was originated by John Sulli- 
van, president of the Virginia CB Radio Association. He 

was motivated by a sudden upsurge in violent crimes 
committed against helpless motorists stranded along the 
superhighways in the D.C. area. Although local CB'ers 
had always done whatever they could to assist such per- 
sons, they were rarely able to be of immediate help. Either 
they weren't in the area or did not have extra fuel, auto 
parts, etc. Sullivan decided that what was really needed 
was a number of organized CB patrols covering assigned 
areas of highway, night and day, on weekends. 

Sullivan proposed his highway patrol idea at a meeting 
of his CB club, the Mt. Vernon 4 Wheelers. It received a 

hearty endorsement from 97 club members. He then 
turned to the thousands of CB'ers in the Washington - 
Virginia -Maryland area of the beltway encircling the capi- 
tal, seeking volunteers. This was an effective approach, 
since many of the CB'ers were already organized into 
clubs, had a record of assistance to the public, and were 
generally acquainted with one another through CB con- 
tact on the air. 

He originally started his patrol with his own pickup 
truck, organizing those who offered their services into 
two -man teams, each patrolling á fixed area for a specific 
number of hours. From the moment his truck rolled onto 
the highway, it was swamped with calls channelled 
through the CB base station headquarters set up in Sulli- 
van's own house. During the -first five weekends of opera- 
tion, almost 600 people were aided. Highway accidents, 
empty gas tanks, flat tires, over -heated engines, a heart 
attack and a woman about to give birth were among the 
situations encountered. 

At first, the public service group anticipated that their 
highway assistance would largely concern helping 
families in disabled cars. But the volunteers soon discov- 
ered that numerous tractor -trailers were calling for assis- 
tance. A breakdown in the early morning hours places a 
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driver in a tough spot. Since so many commercial drivers 
are into CB, it proved to be a natural way to communicate. 

Finances are tight, of course. Sullivan notes that expan- 
sion of the association's services is badly needed to cover 
other than main arteries. A gratifying source of income 
stems from truckers and motorists who were given assis- 
tance. "Once safe on their home turf," Sullivan points out, 
"many will mail in small amounts of money to offset the 
cost of fuel and parts we've given them. Checks come in 

from as far away as California. Each contribution helps 
put someone's stranded vehicle back in operation. 

The Courtesy Highway Patrol 
assisting a motorist. 
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NATIONAL CB ORGANIZATIONS. 

The main CB emergency service organization on the 
national level is REACT International, Inc., a non-profit 
association. Since 1962, REACT teams have handled an 

estimated 55 million emergency calls including about 12 

million highway accident -related messages. Over 200,000 
volunteers have provided a total of approximately 100 mil- 
lion man-hours in public services through local REACT 
team projects. A formal cooperative understanding exists 
between the American National Red Cross and REACT, 
and many team members have taken Red Cross first -aid 
training. 

ALERT (Affiliated League of Emergency Radio Teams) is 

represented in all 50 states by more than 400 emergency 
teams. Its Washington -based headquarters . serves as 
CB'ers voice before government bodies. It also coordj- 
nates organization efforts of local clubs; sponsors junior 

Sullivan has the satisfaction of seeing his dream of 
volunteer service in operation. He has further plans for 
expansion, including a training center for the 5,000 CB 
volunteers he thinks are required to patrol all the traffic 

auxiliaries; distributes a bi-monthly bulletin with news, 
views, and comments of interest to all CB'ers, as well as 
reporting on local assistance activities. 

Ten -4 International is a newly -formed association of CB 
users. Ten -4 will publish a roster of local club affiliates and 
a periodic newsletter for members featuring FCC news, 
new products, and technical information. 

Addresses: 
REACT International, Inc., 111 East Wacker, Chicago, IL 

60601. 
ALERT National Headquarters, Suite 818A, National Press 
Building, Washington, D.C. 20004. 
Ten -4 International, National Headquarters, 427 Birch- 
wood Avenue, Deerfield, IL 60015. 

. in...a .an ... _. 

areas around the capital. Satisfying, toó, is the knowledge 
that this group serves as an example for other CB groups 
around the country, some of which are duplicating the . 

efforts in their communities. 

BUILD THE Five-minute "on" 

One-minute"off" Timer 
BY JOHN J. McVEIGH, Associate Editor 

ONE section of the recently relaxed FCC regulations 
for the Citizens Radio Service deals with duration of 

communications. Now, interstation communications are 
limited to five minutes "on," followed by a one -minute 
silent period, instead of five minutes "on," and 5 minutes 
"off." That sounds simple enough-but how can you carry 
on CB communications without a stopwatch? The Timer 
described here will do the job. It uses IC's and three LED's 
to indicate the "status" of your activities-standby (yel- 
low), operate (green), and wait (red). 

About the Circuit. Three 555 timing chips form the 
heart of the circuit (Fig. 1). Two of them (IC1 and IC2) are 

monostable rnultivibrators or "one -shots." After they are 
triggered, their outputs go high for a predetermined time, 
and then low. The third timer is a free -running square - 
wave oscillator which is triggered by the second one-shot. 

When switch S1 is depressed, the output of IC1 (pin 3) is 

connected to the +12 -volt supply, and remains high for 5 

minutes. This time is determined by .the equation t=1.1 
(R5+R6) C2. LED1 glows green for this period, signifying 
that communications can.be conducted. At the end of five 
minutes, pin 3 goes low, extinguishing LED1 and trigger- 
ing the second one-shot, IC2. The output of IC2 (pin 3) 

goes high for one minute. This period is determined by the 
equation t=1.1 (R6+R7) C4. As long as this output is high, 
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